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(54) SEMICONDUCTOR DISK DEVICE 

(57)Abstract: 

PURPOSE: To improve the reliability of storage data 
in a flush EEPROM. 

CONSTITUTION: An EEC arithmetic circuit 21 
calculates data strings transferred from a data buffer 
131 in the unit of 256 bytes from a processor 14 to 
generate an ECC corresponding to the data string. 
The generated ECC is added to the data string in 256 ^ 
bytes and transferred to a data register of flush 
EEPROMs 11-1-1 1-16. Thus, even when a defective 
cell of the same bit location of plural pages of the 
flush EEPROMs takes place, the defective cell 
including the data string being an object of ECC 
operation is only one. Thus, error check and 
correction are implemented by the usual simple ECC 
arithmetic operation without using a complicated ECC 
arithmetic equation having a high data recovery 
capability and then the semiconductor disk device 10 
with high storage reliability and capable of high speed 
access is realized. 
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?fSSvN'X'0-$f7x-X I 7vCJt. CPU I i<?.)ilj5Ci) 

^c^^co I /o i/vx ^g¥:*^i5t^?b^.ri^6. u>'Xd7gf 

17 2. -r-$U-:>X^f 17 3. iy^) l^^i^^JTs 
^?17 4 . F"7^7y-v:; KUvX^ 1 7 5. r3V> K 
U vX^17 6. Xr-^?XUxX:S? 1 7 7Jk<i:;!i5^S 

:ic.j:c:=^ON'- vr;U3> t*;3.-^(7)C PU I fCctor-en 

xn H / 7-{ MJSgr^-s,. 
[0 0 5 0 ; ■te^'^•^>.•^'^i;'x:^ 1 7 1 tcjs. r^J' fe 
x^g|{4g;5r}g:£r^-fe^jfS#;i;^CPi; 1 JC^i^r^ 
< y -fe i7^:^':7> h >v7^^f 1 7 2 Jet*. 

I" ■* -Y I' *t^.co-fe i'^' ^^tK. P MC J: r 7 h ? 50 
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PU lienor •>-{ KV'<7'/-s-;r Klxv.X 

^ 1 7 5 CCvi. - K/-7 / h .*t^CD F 7 ^ 7'#^, 

if-^i^m-r^ - K3-7> F-^^ h i^-^^ f^*^c p 
ij 1 ccctor^'i' h xr- -5?xuv.x^ i 7 7 

ict-j:. C P U 1 ccS^oT'^lr f-^f*7= w X i'^IS 1 0 CT) 

(0 0 5 1 ] ^^''7 7 7y^';:3> hn-^ I 8t*, RA 

^N'X2<tRAMl 3m(Dy'-^$im^J:t^^7y. t-^ 
ii^(,a(-l. i^X7*A-'SX2 <tR AMI 3fe1<Dr- 5?fe;i 
(Di\k. RAMI 3<!:7-7ty i^^EEPROM 1 1 - 1 - 
11-1 6rB^(07-'-d7|£3iA5^j^. t^^CDr-^^feii 
tS. "7^ i7U7'ci-fe-ytM 4iCct^A-7'X h >^^"^ 

[0 0 5 2 ] NAND^'«7^>'>37:7x-x 1 9ti. 
^ D :7*n 42 tM 4 cD^JaoT >^ 7 :x E E P R O 
Ml 1-1-1 1-1 6€:T^■feJX*^la]r^^^- F'>x 
ravv^'C^'Q. T'^u/VzrEEPROMl 1 - 1 - 
1 1 - 1 6 iCDP^tD-r-^risji. ^d<i:0'7 7 y v^F. R 
PR0Mi(Dfg(0^!i$IJ®I^-^(7)g^:Srtf^. CON A 
ND>'^';^-Y>^7x-;^ 1 9(Ci^. v-f ^P7'P-fe 7lf 
1 4^<i:or 'J-F/t' Y F^gg4M/'0U>>;^d?g$2 
Oi. ECCS.^0K2 i*sai:t6^t:c^-2>= ECCrl 
mmss 2 US. E c c *^o':)/ca?>o«g[te <t e c c ^ 

[0 05 3 ] I/0U^X^gf2 0CC5i. @3(-C/T^^n 

ri*^J:9CC, NAND5^':'7':^>.'N'U>^X^2 0 1 . 
NAND7'-'5? F/7-< h U>^X^r2 0 2. NAN 
D^ >7V^^-r^JU*iffl)U^^X^?2 0 3. NAND:j-^ 
> K ^ ^ >f 4^ U:>X ^2 0 4. N A N D 7' 

F L/;^ -7 ^ ^ U vTi ^ 2 0 5 . E C C X 

^- h$WUS^Xt>2 0 5, ECCU7-^ -/ti^--X 
7^-^XU>^;^^2 0 7. LWCUi;x^2 0 8. 61I 
<DECC7^-^t^X^2 0 9^2 1 4, *>J:CA'l 6<iO 

15-1-215-1 drj:t^i)^-^ttiZ^^6. 

[0 0 5 4] NAND^-:/7t>y<U>^Xj?2 0 Ui. 
i'ON A N DM*:7 ^ :^ t^^x E E P R OMCC)^f l^T^S^' 
^tfr^^^3l!/^f ^/ci?)CC)Ui^;^^-C^O. Ti7-irx 
Stl^cON A N 7 7 E E P R OMO^ 
^7jkrmf)^yu-\z yV I 4Ccj:oT-b y F^n-S, 

[0 05 5 ] NANDf^-i^rU-K/^-r FUt?;^^2 
0 2(i. r--^>N':^^/M.r'7 5 7>'^EEPR0Mic 
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■h »> r y >^ ^ K F P R OVIvC>ftT^ r.' v> \^(0^ 

[ 0 0 5 6) N AN D ^ 7 y^^- ~y/UtIJgPUvX ^ 2 
0 3 ij:, 7 7 7 E E P R0Mc7)^ v ^. -y.'US 

F ' : h; ^wmr 5 /ctv:^?:) u s--;^ . r- V fr u ^ 

J:: ^ r -t: v h ^ h ^ . t - 0 : v " 1 '* 7)^t 7 h 
cnoc;. NAND'^A f 1 9ii. NAN 

V >• ^. E [•. P R OMcD-:^- 7 V -/ ^ - - *7'Jl/^/ffi^C E ^7 

^ I • ■' vCT<)/ci?:-cof- v 7 u >7 Mt-^- ( c S ) 'dT'B* 

[ 0 0 5 7 1 N A N 0:3'^^ K *5 ^T-- 7 U 

> x 2 0 4 7 ^ 5/ E E \ R OMcOrj v> K •> 
, ^ L E ^SWU* 6 tcmj U X ^ r- 
to ' ) n V K ^ -1^ Jl- y'Jl^^C L E ^ r ^ -r 

J: T h 5^6, h 0 vC7 ^ i? " ] " y h 

5ti^i. 7^^:'i/-^EE PR0MC7)3V> v^-r 20 
^. - 7^*:-^fi^^^C L E fj^ N A N D ^sx ^ 7 - X 1 9 

ROivUc^+orii^^n-^„ 

[ C 0 5 8 } N A N D T K UX ^ V' ? >f - U 

> X -5r 2 C 5 ii, 7 7 V i/ ^ E E P R OMOT K UX 7 

V Y ^ - T'JUffi-l^ A I . E ^mWt^fci^(D U v X .-^ r 

^ n r K UX'S' ^ ^ •t>ju-7';i/2ffi-?-A L E^r 
-r ^ ^Ji^T 5 7 7 y 7* u -t? v ^>^ 1 4 :c cfc 

or-fe-;'h$n^o t: h 0/*C7:>i>' " i " TUS-fe .;; h $ 30 
t>5<i. 7v^^'>AEEPR0M^?.:)r KUX7i'^>r^^ 
• 7^UffiT-ALE;^vVANDvs^X^'>^7x-X 1 QiC 

7.^ 7 \'l':^f>m7^ritcCti)^. 77 ^> .aEEPR 

: 0 0 5 9 ; ECC X^-* h^lJ^VvX^* 2 0 6 'it, E 

RAMI 3 i7 -7 y i>-^ E K 1^ R OVl 11 1^11- 

^tfBai6^fifE-r'S>7^^^36i7a-l2 .;,-tM 4 $Cj:-ot:-lr 40 
7 7^ :;>'iEEPROM;!i^bRA\']i G-n^ 

tlOo C(7)3f^, ECC;'||^[|I8g2 ItJ:. 7'7 7^>-:xE 

E P R O M ^;?f a ? la S - t c I * r E C C ^ X 

:''7^?-T'>„ RAMI 33!)^^o77 't-^EE PROM'^ 

'•^JJfe^'^ff^B^vi. t h O^C "O" M'^ >y 
^o. CvOlii^, ECCvS»|Hl[JS2 Hi. RAM137!)> 
bliil^ e tl ^ ^' - 57 vC 01 ^ r E C C (0^h% ^ ?f 9 , 

[0 0 6 01 ECCU r f-/t^---xr--'>xu>=x 

"2 07 Cct. E c cmnmul i j: sec cm^ c e so 
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Xr-5rxUi/X$-ea?>So NAND><X-f >^7x- 

X 1 9 E c cis@-^?f*r'^nj4 b* y vo^c"\ " 

Q7:7y^-fe-y ho. ECC?||^(0||ff3()i*^7f -Si. 
t*-;; hOic "0" (D7'>y;e-fe-;' h^S, 7'a-t: 1 
4J4. RAMI 3<h7^yi/^EEPR0Ml 1 - 1 - 
11-1 6i(7)r^iC5bH:fS2 5 6^W 
Tf^tCUS^x^ 2 0 7CC>7 7e^^^P.0'C ECCiS^^a 

[0 0 6 n LWC U!;^X^2 0 SiCli. 7 7 y V:.. E 
EPR0M(?:'8^<'Y h<Z)7i::g^JlSc05t3lO2 h(cf^ 

r$)SLWC (Low Wite Coun t) 7=^-^ 
tf^-^vV^ti^^ COi^-^. RAMI 3;5>^67 7 •yv'^ 
EE PROM^CDr-^lEj^l^C4ol.r(4. ^COf^'- :5?fc-; 
iitc5feA?:or, fEi^5fei^d:^7 7 y f^^E E PROMO) 

Os,r(iCJ;:->X'^v V^ti^. 77;^ v^EEPROM 
T^i^eRAM l 3^07^-^ifeit^46C^r'fd:. 7 7<:o''^ 
EEPKOUtf^hW^^^^ti^'r-^ 6 L W C r - 
t5^iO:SNAND-'^•X-r>^^7.x-'X 1 9 o r tfX 0 ffi ^ 

[0 062] ECCf"-^U>^X:572 0 9--2 1 4i3:. 
6 Y h O E C C f'- ^ ^^J^l- S /ca^CD b V X 

RAM I 3;5^>67^ ^^^A EE PROM'^cDt^- 

;a$n. -ec9^.'?Reny5cECCr-5r;&s^cCr-5? > 
>X^2 0 9'-2 1 4CC-b y h^nS„ 77-/>'-:i.EE 
PR0M;:p6RAM1 3-^<D7^-^^i^B#{.J^ ECC^S 

^038 2 1 ^cfc o-cwf? n& E C C ^ X -7 ^?S»<OfiS 

^;i)^U>^X^2 0 9--2 1 4(C-lH h ^:n'S, COEC 

S, COECC^x > ^^i#tC^a*r{^. 2 5 6/s-^S 
CO 'J - Kr-^ic>PtJt;^^6^^V hOECC r-^7):5^ 
^<0^^^-( h(DECCr-^? i77 y >' .L 
£ E PROM^^^^^CC^;^fcb5n/c6^W hOECC 

"0 " . Sc-C^htcf " 1 i)^^\tt^ UvX ^CDt: 

7 1'Ovc-fe^ hsn^. btcffi^z. s.y-^m^ux: 

tMtm. ECCr- iiUiy^it 2 0 \AG)[^y 

[0 063] NAND5^-^7'Uf-'^-Vtri;^-'Xv---^ 
XUvX^2 1 5 - 1 - 2 1 5 - 1 1 6f@C7)77 

•;'V^E EPROM 1 1-1 — 1 1 - I Q^tX^fxOV 

i'J. ^UvX37(Dt'^ i'0JCiiJtJCoTS7 7 yi/^xEE 
P R O M;i>^ U -r .< - t^.^X h^i)^ =: >^ - t^^^i?^ ^ 
^rr^^yd^NAND-O^f^x-x 1 9CCJ:or-by 
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: 0 c 6 4 : S 1 ORAM 1 3ii::^''{:/- ^ -j iyR.\Uf)y 
j::>-7 7 :.• > E F. P R OM I I ■ 1 1 1 1 iO 

u X^^T— 7 Jl 13 2. y ^7 V : -a E E P ROM^C^ 

^lAO'^^ 1 VCi •;; ^^CO 7 U T - ^7 C'f^^l'jfiS^ 

•l'®T^--vd7'f--7'JH 33. r-'^-zi^^EEPRO 

M I 1 - 1 - 1 1 - 1 e(Dm^mw^i:y ci y ^mfi-c^ 

tl^= „ 20 

: 0 C 6 6 ; V ^ n -fe tf- ] 4 /i^^ffi-T-S 
r r- UX'iSr^CCti. isslTjxCOct-^vC. RAM^m NAN 
D.^^V v'-5ff^li!){. r:7*';^-t 3>ROVI (APL 

- K OM ) fl^. ioXL^y T - A X T R OM ( F W - 
ROM) $lt^:0^v-;, c>:y5n-Cl'-o, 

■0 0 6 7: R AM^IiS^RAM J 2^7^^y^tiifc 

:0C6S: N AND;^^V7'-^$fl^S;i, :77vi^:x 
E E PROM 1 1-1-1 1-1 6^r ^-feXT-S/ciJ^) 

1^ R OM 1 1 1 ^ 1 1 - 1 6 {C^fT?>f=- 'J - K 

-■ -1 h 7' -b ;^{C^C V i' :57 p -fe y -tt- 1 4 

•Di. - V f- 'J >yif^^tcJ:-.>r 2 5 6 l-cD-r-'--^? 

M^fJr'-^imtL'Cmi^^hXi^^. CON AND 
X-t 'J - ^mm^l^mr ^^JC<j: 0 . r- ^/^c v y r 
1 3 1 <!:7 7':^i^;*EEPR0M ] 1 - i - 1 1 - 1 6 

<!: o PpI o 7 — ^ IsiS ± r :7 7 / . rj; X r (Dftig i L r 

:C 06 9 ]:X«C. |g|5€:#HSur. ^^yi^^EEP 
R OM I i - 1 - 1 3 - 1 o^h'^'flCDT'P 17 ^(Dmm 

; 0 0 7 0 ; 7 ^ > E E P R OM J 1 - I - I 1 - 

O -7 7 > -a E E P aOM^»1 5/C(S^(?:)§^^fitt 
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^(O^miChmm^tiXi.^'^. y vyU^E R PROM 

11-1-11-1 ^ici^t6=i-i'T-^t^fmnn 

[0 0 7 1 ] T'^cCt)^. ^^:^7'§-t#0©NAND32-^ 
V :;'>aE EPROM 1 1 - 1 tc4b'v*rti. EliSOJ: 0 

iC. 5 1 2 li07'a 7 ^(7?L|u*eyCJ ^ 0 "-7 0 7 -^^ 5 

0 3 05 0 4ficD7^n ^Ji, a-if r- 3?^tSJftr o 
^ 5 0 4 (i. ^ -7 7*1^(^5 1 2M(0y\2y ^(07 H U-:^ 

i^«^y ssi^c t'^'wmr -5 /cfecD^iitt is ^ gen .-r -s^ m 

BI (MemoryBlock Infomatio 
7 >7 5 0 5 - 5 0 9 li, y ^ 'J ya 7 1^*5 Jrc^M B I r 

1 X 1 0 CD«{^t«fR€'ietiT^n>7 r i?-7 D 7 

^7<Df-t^ffi0^ii7'n d7 <!: t r is!.^ 5 4i 6 „ 
[0 0 7 2] 3>7 ^ v i'kJiSgl O^fliTl fl 

^tlXi>^yy yzy:^EEPROM(D^yy'm'P. ■&7 
7-:;>'^EEPROMtc:4dt:f-2:,MB I •r-7'JU7'a 7 >? 

[0 07 3 ] ^77*#-^# 1 -# 1 6CDNANDM7V 
7V.aEEPROMl 1-2-1 I - 1 6(Cfcl^rti. 
0/TN<Ocfc^vC, :7'n 7 i^'O-T'P 7 ^5 0 30';)5 0 4f@ 

(7:)7'n7 :^—^T-"^^m^r^^tc^(Dj^'t*jy 

5 1 2fB©rrD -7 d7 (DTK UX-^SJftlOl^^^SI-^/;: 
30 a6<7>l?Stf*8^ia^,-rSMB I (Memory Bio 
ck Infomation) v- — y^L-T'a 7 ^' i 0"C 

'iT^n 7 ^:teJ:0'MB J r'-:/Jl/7'p 7 ^©ftSffiOT' 
n7>?<hLr^$n6. 

[0 07 4] y^'J:/P7^, MB 1 7"-y;U7'U7 

40 [0 07 5]®6tem, ::i-'fT-'^^^m-thfcitOj 

[OO7 6}02-ClftBj3C/fcJ:^*c, CO¥^f*7^^;^ 
^mS-l 0-effiffi$tl^NAND^7^7i^^.EEPR 

OMtii 6Mtr7 ^05^7 7*^/^)^:). ^-yuy^^a. ^- 
[007 7 ]— fljcc. ht/X7"A«:J:S7=.< ^^i'T 
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i M)^9t t U ^ X i^^^M 1 0 '^c^i^ 

^m.\ 0 CC4o(. ^ . 5 1 2 ^' • ^ h "J- --f 
I.!. 3 b>7^5TOr-";5?. J?iJx(^, -12 5? 0 ^ -tj -> ? 

.<i:^2: -7 jz 0 Ofgiji;?) 2 r: 6 ^ -f' , >^ 2 JC(ct-b 
I Jm^C) 2 5 6 ^ ^ -f h . -^-'v 3 vC(J ^2 ^ ^ I 

•: ') 0 7 9 ] ^ '^0 - . 5^n^no8 /^-^ -o/lm 

{ 0 0 8 0 : tt:h-^. ^->0<O7Z^mmcim^n 
-r o ^^ c c , -^- i^o cor- ^m^^f^Ji^^ nri^ 

■ i (7:^r- j7m^cctss«i?nrc»S2 5 6^<- 

; J 0 8 . ; c C04^«f*-r / x 1 0 
iadc^rf;t.. 5 1 2/^''r hco-fe^'^^fiVTtt3S:< 2 5 6 

/ciK.. ^7F(0J:9tC77v>a EE PROMO?® 
> o - ^ tr 4) . E c c oiS&^f^t ;^^-5 

T t> c i n£ < M^co^'m/:^ E c c mm-c J: o r x ^ 
ai^a ct miiE4:n "yet MT^m tu^. 

[:)0 8 2 : ttc. -<-iyO<D7impMtmmO(D2^U 

I'STi. ^Jx.(3:2 6 t Ki>i<DSf^iIiJcy-:5?<DT(w 1 C 
: •) 033; LWC r-'^^xvu •> i7^:c 1 otM;^$ 

: 0 8 -1 : $ i^cc . -x.- 1> 1 cDTiM^jsjio^o (?:) 2 50 
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^ 7 -en^nic>p|-cc;T B A D -fe ^'tsiK^^^ssrt 5 

c^-So cn6BAD-fe^^it$6(i, m^^^ i^^mt, 

[0 08 6 ] ECCx^^ttfR^j, ^0-fe^^«:*tT-S> 

ECCX3— ^^owM^i^^•rx7^-^xts^g■ca5-s>, 

-'^;OiWR I TE LONG=3-7>K«Cj:^f'-:^§iA 
^^fT o /t ii^CC:fol ^ T E C C X 7 - i >S - X ^ x 
^'-^'c^^X'^-A^II^L/cB^CC. >''J-Vt;Ur2>t^ 
- ^ CDC P U 1 5C J: o r^X. 6 ^ 
[0 08 7 ].XCC, SI7^#Mbr. MB I r-:?^Ji/-/ 

[0 08 8] MB I f'-:^;br^D ->i-t^0;^)^6 

JSi8.></ h©7i:S«^<!:7J^i^bflJiSi?nrti-5. 8^W 
r-^«giStctSlft$ti-Ct^$2 5 6/>'^ hOr^-^y^cS^ 

[0 08 9 ] MB I r-z^Jt'Vu ^^'COf'-^^t^vC 

ct <>';^ "7 2|- - r - ' :/;U355|&« $ n t: l ^ 
[0 09 0] MB I r-:?';l':7'D-y^w:;tet:tc>r Kux 

^g^r-^7';U{J, ^^^'f^CDT^Dv^O-fj I 

[0 0 9 1 ] ccr, MB I r-:/;l'yp -;'^(Ctet:f'£ 

[0 0 9 2 ] C^D:^X h^ar KUX«. 7'7 7i>::LE 
EFROMl 1-1-11-1 eicStt^ho^-fe^^ 
( = 8 X 5 1 2 X 1 ^) CC^br "0" 3&^6Wc 
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iJ: 1 6 f^v- h i^c^So CCDMB I 

immm. i -t' ^ ^ miiiv^m < . i v ^t^z-^tti 

: I t 0 9 ,3 ] U WC r ■ - -/ JWX . J y y'l^O 5 : 2 mo 10 
li V l» n ^ U ( U P P E R WR 1 

COUNT) r'-^^mi'^rr^. m'c^'-diYXi 

n ■:: -J h^i^^L Z^'O . COO U WC f "- cbiuitO 1 
hiji<0LWCi'dr'^t)t^'6<!:. McX-CQ4 0 0Ji 

; :.) 0 9 4] cnor Ku;^^fer-7';Uid.J:^'UWC 20 

e*ic. R AMI 3;cej^5nc. ^t^-e^-r Ku;^K16 

- -7-;!/ ! 3 2 fcJ:C"=W*iaa^ffi7"-'/J^ 13 4^0 
: :) 0 S 5 ) X '7 j; - 5?'-r-:/;l/i;t. 7 P 

> i^^icoy'a y i; (tS;< 9 y y'ya y ^; ^tj^TVp 
yr Kux€. iS5fegJiK (UWCr -^Offl/jJ/jv^o 

-^ -v'-'/Mt, RAM 1.3(Ci3:^lt5n r, -^^ 

■-'?^0^:l:t^^m'^^^. RAM i 5 (CteJUJnrv 
I u 7'p -t: >• 1 4 vC.:L' -C0m^ ti^, 
: jcee] ssicid;. r F>;^^^r-y.'t'iuwc 40 

• :0 097: EI^^^CDioCC. hr KU;^<!:UWCr 
;h - 7 h r'5>^ cor . 2 ^ W h cotS,WIi|ilco±{i 3 f 7 

I- '. t' y h I 5 - t' h i 3 ) kii^ffl?4l-^ci:t^o ^X h 
: 0 0 9 8] >IB I r- /Jb /p i^icmi 
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Fux. SjfiT'ay i^r Kl/xo(c>Ftj^;T^uwcr- 
^?. iB5gi:7'p-;.^r Kux u^:5^^fc:•r^7^x hr FU 

X, ^m^ftly^Th'lyT.ii'Ctm-tiilj^C'f-!?^ 
l^oAcifflSr. FT FUX<!:UWCr-i'*^64fi 

UX4 4 SCckjlDT'S^X hTFUX. 'tJii//P 7 ^ T 
FU-X4 4 8 5c^'lltv-r6UWCT-:5?. tfS^P y^r 
FU'X4 4 9{c5[*^l^:T'2>^^x hr Fux. ^H^f a ^ 

"C 'Iv^ hr FUXi:UWC7'--^7?!^^*6 4(i<^:7 P ^7 

[0100)1^ 9(,C'it. X 7 ^ -7— /^KD+S 

[0101} y-f-:7'Mj:, 7P v^^o 

.-5^^~/P v ^ 2 5 5 ^rOffj¥c02 5 6fB(7):/P 7 iJ'CC 

■T'p 5 1 1 %^<DWf(D2 5 ^m<r>rfu y^vcmt 

[0 1 0 2]^l5^-a^'-f'-7^^^Jc:|6lir. -eo^tii 

C02>^^''Y FCO^JIS (TKUXBOOh. 801h)5C 
JJ. :^P ^O^^e>:>'D-:;i57 2 5 5©i*i<7>«/htfOUWC 

[0 1 0 3 ] ^XtDU'^-f h (TKUX8 0 2h) JC«. 

[0 10 4] $^(C, ^>:<Dlv>V F (TFUX8 0 3 
h ) JCti. ;g/hUWC 4- 1 (^iii^J#o:/n y 'p(J:>m^^ 

[0105] T FUX8 0 4 h-8 7 AhiCti. 

g/jMj wc - 2 (om^i^^y'o y i^f^m^Tr.rr-'^^^ 

[0 10 6] rKUX8 7Ch-8 7Fh:t:{i. MB 1 
[0 1 0 7 J T FUX8 8 0 h-9 7 FhiCJJ. 

X 7 7 7- 1 - -f i L r cDtSIB355iaiW5 nr c » 
5« Tiycb^. r FUX8 8 0hicti. 7'P7d?0-'7' 

U 'V 2 5 5CD«r^®^ScOMX7 7 7*^Ptl^C07'a 
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MB ! 7^ -^VU/U 7 ftM^'P ^7 :3>t i^^V 10 

u . v'cj !7 2 5 6 J3ie.:^'rJ i7 5 i i 

: > T ^ . c -f iv;t . n y t > C'W\i^J^mc i; ^tt 

I^OUWCr- ^Of)S;|:^(0* «SIh1^ 20 

cOMv^i^tB L r /JN ? A: :r n •:; ;a5c ■■ ^ n StgT 6Ct 

:C . -e OK^'/ U ^ ^ X -7 7 f > ^ t**t^ <h 
'7 y f > ^^'fi^ff ;i>if51jgia 5 nr L * 9 C <h 'vC t 

[Olio; 1 >^ ^ h ( r K U ;^ 9 8 2 h ) CCtJ. 

[0 III] ^6CC. I 'M' h (r KUa9 83 
h > vCiJ. S^hUWC + 1 cOfiS^r^-O'/a i/<Dim^ 

'T^timmt^t^n^^ m^. r k u x 9 s 4 h - 9 f a 30 
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[ 0 : 8 7 ] a 1 8 {J::/n u -X-'/>f ^^;U{c*>tt 
^5 V r - A X T 0:)^ I i i N A N D < X >f > ^ X - ;< 

1 0 ^a^H^T ^ 7 n t - h "Ccb 0 . m \ 9 a 
-/n J' -i' U - -{ M^%^\^ €^7-7:^t^^FEPR 

0 I 8 8 } c cr('i . ^€>#/ho 1 -pv. y ^otetirt 

[0 I 8 9] T^>^n:?^n-^-l2 I 4^ J: ^r'^ti^n^E) 

■7 7 7 E E PR OM^ 7'vC*ric;T4 N AN •;r 
7Ur Y-/tv-U>'Xi?2 15-1-215-16 
■■0 1 0^#JBL/-C. U-X)(it|l<D7 V A E E 

^ii^.T'S ':xf-v-yA5 i. ) . uf' Y-xr-- hr^-s 

C^^MEISToi. :7r-A'>x7(i. NAND^77' 

■ - x'*t^7 ^ 7 > ^ E E P R OM^ V v\C^^&rh^ y 

fe Vt^ (X-r- -^.^'A 5 2), 
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5C i:^!gS-r^CE:t>nv> K^-i2 -^ h-T-S (Xf 
•y7'A5 3) , 

[0191] COM. \AND^^'X./>^^7 j: -X 1 9 

kt. NAN 7*:^>/S Ui/X ^201 iC b h <?t'i 

/c9^ y 7 #-^CC*fjt.r ^ ^ 7'-fe U h fs S i - C 
S i 1 o^lrTi^r ^ ^'CCT-S {Xr->7'3 5 1 ) . 
c 0^ y -7'-^ u h fi-^ti ^ u - X5+j^-?- 7*0 V 7' 
1.0 >/-H^^-7';uA;^jcE~5c(it.^sn. cnvcj:or^ 

F> v9"^^v-7;l/^J®Ui^x^2 0 4^ I /O^-f h 
ur. tc(iCt2'7>v^yj^>(^-:/}v (CLE) 

i-k y H-r^ (Xr-^7'A5 4) „ 
[0 193] NAND^<7l^>$i:7x-X 1 9t'3:, C L. 

20 -^MClSr^T^ (Xf-7VB5 2) , 

[0 I 94 .U^^C^T, 7T-A'>x7^^t. KANDr- 
3? V - hV^ ^ h U 2 0 2 ^ I /O ^ >(• h 0 r . 
^CJC-< U-Xrr-7> K "6 Oh" hTh (Xf- 

^7"A55)„ NAND^^*Xh'>^7x-x 1 9(3:. ^ 

-f:^'-XJbfs^WE""^r^'f- r "^^0 'L" 

\y^)[^'ZWtmb. Mo^U-X3v> P "6 Oh'" «:A 
Iht)^^ I /OicKil^'r^ (Xf* v 7*8 5 3). 
[0 1 9 5] :77-A'i;*TW. NAN'DT Kl-X^ 
30 ^^4^-':/;l/$Wus^X3?2 0 5^ 1 /O^^ h LT. 
-eciCA L E^>n'7> K<l-b V hT5 (X7^v7*A5 
6), NAND/<X>^>i/-7x-X 1 9JJ, ALE^> 

l^-rS (X7^t/7'B5 4) , 

[0 1 9 6 ] VXL^T. 7 7-A»5xT(J. NANDf^- 

:^';-hV^>rhut;xi§?202^i/o^Yhbr. 

-e-Ctcy-t'JT KUX (T^Dvi^r FUXA2 0 A 1 
2) 7 hf-S (Xf'->;7*A0 7) . NAND^<X^ 

40 vx-x I 9(3:.. r Kl-x<0-fe v htciti;^^^, 7 
Yh-/*-:^;l/ft-^WE"'^7i'r^7'm oSO 
"L" U-^JUc^L. Mo-fe y hi!?ia/c>--eUT KU 
X?:Adi:tfiS?-I/0^lKiit* (Xrv7-B5 5), 
[0 19 7] COf^. 7 7-A0x7(3t, CLE:t>:3 
V> H-$:^tfL//ct;|6C. N A N D ^ 'J - K/^ ^ I- 

U'>^X:5?2 0 2^I/O7-^ hLT. -eck:-fu-Xga 
j!&=iv>H "DOh" ^-fey hT'^ (Xr-^7'A5 
8). NAND>'^X-f>^7 j:-x 1 g^J. $r, 3V 
>h'yy^^^ --yMmC LE^riPT^ m^^C^ 
50 1£LT.-i>6^-i' h-<.t^-^;Hi^WE~^7^r < T-t^ 



(21) 

\tit}^i^ ! /O'^C^^mt^ (Xr 5 6 ) . 
■ .. 9 « ) COX -■•XP^j#zJ-'> K "D 0 h*" 
■iicri t ^^>Pt^^?:'>^ ^ / E E P ROIVIiC 

A>c > r ^ u - x'iljf^^e^c^'-eo-c >^ 7 -/Uf^ 

: C 1 9 9 : :/rj >• u "-XIM'PrtJt. :7 p 7 >pr K 

<s : ceo:-' P ■{ u -xt!^f^lw^H^»^3^:<^^ v //^^^o 

b>-it^ ( H D Y/BS Y) ^d:t'v-R^ 10 
'i: -fv t. n > -1 > - XJl]f'N:0-^^T T 5, i t - t^«B 

^ttc.T'^ N A N D ^ 7^1. -/ t'lx"- U 5?C0f^ 
•^cc J: -J r 7- n y ^7 .< u - xi|j<^(7^^ j ^?Sig-r ^ ct 

- rJ-.-l. - " 7 0 h •* ^Hr ( X f y 7'A 6 

0 ; . N* A N D ^-i^. Y > :y 7 X - 7. 1 9 (J. Xt- 3? X 
g - K::iv>K '7 Oh" O-fe :^ hCCCtSLr. -^-^ F 20 

Y-t^-7-^UftWE '^r ^^^r 7'1^,^. -t^ "L" 
U'N;t^|^^L^ IL':?Xr-:$^7^ I'- F.TVV K "7 0 

11 " ^A*:^! r /oJciEii! L , ^cy^^ v - K -i' 

•l^tCdS^^'r^ (Xf- :'7B5 7 ) , 
0 2 0 1 : X-r- 57X9 - h'^''> F "^7 Oh" 

- '^mm^fiS.'^ L /c:0>^30^1'ij^r X r - X - ^ 

[0 2 0 2] -y y- j!^Oxr{t, NANDr--i?y-- K 
'■7 -f h U >'X^2 0 2COXf--^?Xr-^7^#HigL"C 
7a ^ V u--xW^;5^hjc.J:ftO.*c*^'S;:)^^$SISL. - 

0 r t 'nvi u - x-9- 1' ju^iji^ j' r 5 ( x r 7 7 a 6 

f 0 2 0 3 : 4'4d. 7>i y d7 u --Xgr^i^ia -7> F *' D 
:j ii " O^-ffByCCX r- :r a 5 4 - a 5 7 J&fSO ilLH 

!TtrKf(07 U 7 •:^r Fux^gj:^-rnt^. tg|j('Xp 
Y . -x-^JEXtTO vjuf 7 mmmit 40 

[ 0 2 0 4 : ^XiC. {SI 2 0 <D7 D r - h 

C. t^x h >-XrA.^;^^7 ^ h v> F/J^:?£{?^ ti^cKI 

: C 2 0 5 : :i^X hi^X7"A;&i^g|I/N-X-<>^?7x-X 

1 7 con - > F U A :57 1 7 6 >( h > F ^-fe 
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7 7 -A':^xrii. ^r. ^o':)-!? -f Fn-?> Sl'^vi-W 
ctl) c^^^y-fM 1 ) „ :xc>r. 7T-AV3-. rfj. 

7^X h'>XrAA56'r-:57/^'7 7 7 I 3 i ^(Dv hr 
-:?C0$s^^§f1J6-r^ (Xr 7 7'A 7 2) , CC/3r-^ 
giUtJ. ^'l-SII/^X-f >^/7 x-X 1 7(^r-5?UvX5? 

1 7 3^/hLrmT?n^, 

CO 2 0 6 ] :f-X FtxXr-AtcJ;^f 2^<*r-f x>7.gg 

1 OcOT^HrX(3:-fed7iS7^iiT^f*^il5©r, 

y 7 7 1 3 1 (C^^-^C < i 1 -fe ^ ^hf'-^ 

[0 20 7 J ^x^r^r. 77 -A':7xr(j. .t^xh^xf- 

2^(cj:^-cm^^titc7' ^ X^T^?-tXC7>/cc^>(7)d^X h 

^ V F#^-^-fei7^ft>^N'Ui/Xdf 1 7 1 . i/'j>iS^U 
t^X^ 1 7 4. -('/y^y FUi^X^ 1 7 5 

1-1-1 1 - ie^7{p-^7.r^tcit><Dr fuxccis 

^-r-S (Xf 77"A7 3) „ CCOr FUX^JM^JlCC^o 
Urti. li^l 2T^b:«U/cJ:^CC. TFUX^g^v—X 
;H 3 2ifimm^ti^. C<^r FlxX^g&x -7';Ui 3 
2<7)r FU'X^feft«{J. a^^l 0(Z)|a|&B^(cfct.^-C, 
7-7 vv-^EEPROMl 1 - 1 - I 1 M d^ti^h, 
iPfb 'J - F U/cT F UX^^x-T'JUOT F UX^gltS 

^E^cS-zJi ^ r «ll $ nfc b <o r ^ s „ 

[0 20 8 ] TFUX^ft^aJKT)^^, ^H^hT^J^-t^X 

<?:)^^';r Fux (a2 0 - ao ) 7:)5^i6e>n'^c 

[0 20 9 ] ^CC. 7T-A7xT(i. J>t^^jr\-[y7. 
(A2 0 - AO) CO±{49 F (A2 0 - A 1 2) r 

hT^HzX5t|^(7)7n ':^^ (OT. ^ -l' 

F 7'n V i; tmr^ ) CC?^r"r-2> l Xa ^-^(D^ ^ h r 
-5'^ftJSr^/c8?)Oi!!:I¥. (X'r-y7'A7 4-A7 8) 

[0 2io)ccrij, 7y--A7x7«, . ->^' 

hT'O-^ i^ffiCO^y ^^7^-7';i/X»;r^R AM 1 3±<C 

Ei^*r^ (X7-i;7'A7 4 ) , ;XtC:, 77-A7xT 

FMMm. HiraL//c^v>F "5 Oh" ^ffiV^/cB2 

^<D5fesi^-s^:^6 L wc - ^rcWTO^s^ta^ n^. 

-'jtj^jvr 1 3 1 '^cm^^n^^ 

[02 1 IJC©^, 77 -ZN'^7xT{i. ^/hXn-:; 

^CC T-^ii^U^r 'htf^'^iP^'^^h 

(X7^7 7-A7 6) . ccr. "#!r3S^m*" f-'-^ 

itJ^^ hXn •;/^^C??^T^r'"^^Dct^r;^X h 

A (c J: r »ffeAi|g* 2 tir Jtci i f^-^ -^lEttT . 
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'.i:. -yr-A^T^rit. rj-7> F -0 Oh" >d:i^t.i/c^ 

TRAMT KUXc. Jf-X h '>;^7- A7&:>*:)C[>^-/ hr- 
-^r;O^^S,^J^tir(.»-SR AM 1 3±co^,^{4g>^^-^-RA 

= 0214: T^^)^. 7 r-A-r^jxT^i. B^j^JCr- 
"'^fe-^L -C 1 y ti :r ^?^<D-/D ^'r-^^'\lMri> 20 
•.O ri'J:^^ . r--^CDRAMl 3±0 

/' - -.Xi v^' hx-^'0-r'-~:52>^-:'*7-/ 1 3 1 i.OT 

7 ^ C i iC ct , -e- CD L W C r - ^? Oi^ MStT ^ 
;:a7^'7:7*A7 9 ) „ C(?)B$. ^5 1 L WCf"- ^yOffiCC 
tfii-.D (t-i'V-) ^^^SL'tirO^nji. 7t-a^xT 30 

:xr y7*A8 0, as:). 

; 0 2 1 6 } C(7)^ Y hr :>-i2;<^sr;j. 

^Wt f c L . W C 7-' - ' ^ ^ N A N E >' > ^ 7 X - .X L 
r- 7.'l. I 3 3vC(S?$^nCl.*€yr KUXIKCRAMI 

J: ^'r- 77b i 3 3 ^nm-^^ C t(rCJ: 0 . 

^ i: r'XStJT C ch rj: < r - ^ liS^tr ^ ^jO^r t -5 
:02 1 7 ] fe32i?n^-&2 5 6^W hOr-^CCtiN 

A \'D/SX-<>d77^ X I 9 5C J: o T gi!lW5i: E C C 

r-->7r)SYTti)adFn. ^n.^f-iT^-Y F^tl^:/^ vi^^EEP 
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(02 19] rtj:t>^. yr-J^O^r^t. $T. m 

7i7 ^/v-^^uEE PROxM;0>6MB I r-y7U7'P 
•J-Fr-S (;^7^"y7'A8 2) . F^nfcMB I f- 
-:7'JU7'D -j/^tDrtSa. RAM 1 3(Z)^'^x VT^CtS 

(0 2 2 0 } <X<.»r. 7 T -A-^^i^TtJ. ';~KO;^cM 
3) . MB Ir— 7'JU7*U •:.^Cc4dl^TJi, mS-Ci^^B^ 

bfcJ: 5 . U WC it urnm^vi y^T F u X Jiic 

[0 2 2 11 Eir^nfc jWCr-^O^m. MB I r 
^7';L'7 n ^ £h*gllPlgjgiir- 77U 1 3 4i}i7]'^cM 

[0 2 2 2 1 CCD^, 7.7--A^xT^. m^^hfc^ 

ct- ^(omt. m^xi^mt^ (y^fyy'ASA) . 

[0 2 2 3 } yAh y(DW\^UWC r'-^om 

yjiya y ^\^<D7.y yy'^f-^'-r-yjli^c^m^tiX 
I ^ ^ u w c -r - ts? (o^ixj^^jffi ^n^, cn5c<tsQ, 

RAM 1 3 ±0#g|[eIffc^MT- 7-;^ 1 3 4 WC 
- ^ $ vlgCC V - 7 W > ^ (1: 1 ^ o /cjiilJl^tf ^ 

[0 2 2 1] fibCD^? :;7'0^/hUWCx-^0 

ffii or«. RAM 1 3±CD#J^iI®^Ilr--"7';l. 1 3 

C"^r(D^ -;>-/-en-en;&^6MB i f--/^i'-/u7 

[0 2 2 5 ] ^X^rVC. XT" 7 7'A 8 4 (Oit^^^(^cm"^ 

ir. 77-A'^xr«, yA l^y'u^:; ^coms^ititcu 

WC 7=- i -7 h :/©ft/hU WC f'- i5r <!: O 

{d:, 7 h3ifJSi^«y 7'F«gT<0X 7 y fV^f^f^^grtf-^ 
(Xr v7'A8 6 ) o ■ 

[0 2 2 6 ] C<5:)5^y 7*rtX7 7b^>:yf:^f^CC4c>U-C 



^3 

;^ r 7 A 8 2 r V - K L .^cM B ! f - :7;U7^n y 

/:C-3-;^nrt ^^;< 7 7':t-^^'' f*- /^L J:0^i:^7 
'6.. L/cp&^'^r. 7 T- A'^airfi. UWCr-4r(Dv 

■5 • 

2 2 7 ; ^CC. 7 - "A'^/tTJi. 7-rh7n:y>7 
vhltX 7 >• t > ;5^-it.*7^^Cl > ^Pen'rl^X h 7 K U;^<^A 
tlg^^fr-). CcDii^r RAM 1 3 2 1(^7 KlxXl^ 
?6^r--7 Jt 1 3 2 <!: -7 -i V tm^^ -y V't'^h V - F btcM 

;0 2 2 8;;XCC, 7 7-'A^;ir(J. 7-<h>Ptl^7^ 

PROMiCfcCf \ ^'a y t^^:?.^ y 20 

•fS'>! ^ >f I- i:^l^y ^> 7 E K P R OMCO-7 -< h 7'u 

^?-:cS#jAt^;^c2?!)0'> >' h7^t7HrX<L. 7v v>'^£E 
?R0!VI(;^?$;:^7 r;>'y7P ^HCRAM I 3 ±0 I 

l?X'r?f7= CCO^^. 7t -A7xri3:. y -i V'^'^V 
7yv^EEPR0:vUc4tf;t5MB I f--7';U7'Ui' ^ 
<Om\(r>fc^{^. h*f*7 7:^->;LEEPR0MtC 
^dCt^MB 1 •r-'7'>U7'a -7 ^^RA^^ : 3 JiOM^fr?^ 30 
n/c.vlB 1 -r-yjuyni -7 ^^Oj^^^ggjAoycstxD^ 

-:n-e^n7-r-7 7'A 3 1 v^^^i^tct^^tmmojmx' 

[0 2 2 9 };XiC. X7-7 7'A8 6tCtei:»-C7^ h:/D 
t- U WC r a? i <0\m^t^ a ^ o fci%^(Dim 
{ 0 2 3 0 ] COtii?. 7 -/-A'^^xryJ, 7'<h:7n 

7 ^ (?)Sff s n fc u w c r - ^? i I ^rn*^© y 7 7' 4o 

7> . -e'<^M5!?ia-5i-:^±ribnv:t V'i' h?^+^^-^7' 
7 b'> t7^i^^n -0 (.-^ 7^ 7 7' A 8 8 ) „ 

■ 7r-A'>xr(i, sr. tSX7 
'/: 7 n y ^7 ^n-o^ 7 7 ?:)^ M B 1 X - 7';L' T'c: -7 ^ ^: 
RA.M 1 3±i'C';"- ru. -e<OMB I r-7';U>^D 7 
;C^5tiri.'"'^X7 y 7'.t-:5^-7--7;U±6;tiSX9 y 50 



#BI¥7 -3 0 2 1 7 5 

44 

t-> m^SN o. 1 7*n "J ^^^^m^skr o, 

(0 2 3 2 1 :Xt^T. 7T-A'i?x7«, ♦^X7-7t'> 

^m^^Ho. 1 T-n -7 ^^mo^i^rpM^-pu y ^7 f- 

UX^^t^r. ^C0t^X7 •7i::'>::7'*'jm^ -7 7'.^>61^^X 

[0 2 3 3 ] :XCC. 7 r - A-i; X 7{J, 7 Y h "/P 7 ^ 
<!:MX7 -7 f>y>C*|l7^P ^^ftlr^i^X h7 KUXCOa 
n^X«:^f^, C<om^. RAM 1 3.2±CD7 KUX^ 
glr-7';H 3 2 <t. 7 P- >Ff ^ ^ 7 7';5> 9 - F U /c 
MB I r-7';l/7P -7 tftx 7 7 t>^)f.tm^ •i' 7' 
^^fb 'J - K UfcMB I -r-yjUvTj i;'<D^ti^n(Dr 

KUX^}Mf^R5&5|iff$n-i,, 

[0 234] ;XCC, 7 T-'A^.T.7t;f, ^W'h>Ptll7 7 
•7 V E E P R 0M}C4oC-t ^ ^ F 7' P -7 ^ cb tft X 7 -7. 
t*> yj*^^ -7 7*cr)?AX 7 -7 b*>>7'>:=t^7'P -7 ^PalOfa 
1trtS(DAn§x<0/c«6CC, RAMI 3±(ci»l^±tf?c 
MX 7 -7 f > 5^7'a 7 7 h *t» 7 7 y * 

EE PR0M<7>^>r h T'P -7 ^tcS^iLO/c6^)(^>^ h 
7^'feXt, teX7 f>i^jFt*77-7^*EEPRO 
M<0MX7 -7 t'^i/zfCty^f^CRAyA 1 3 ±01 7^P-7 

IfOc: C<D?^, 7t -A':7x7«. F>Ftm7 7'7^ 

:x E E P R OM«^X 7 7 b->^^^7 7 '7 :x E R P R 

0M-en-ena)MB i f--7%7P'7 ^^^rrT^/ci^) 

iC. F^|^7^ ^t^^EE PROMiC4dlt<E>MB ( 
T—zfjlz/VLv i'tcRAM 1 3±(Dl5ff$ii/tMB I ^ 
-7';l/7P-7i?(Drtg^S^3At?/tfi6cr)7-r h7^'feX 
<!:. a!X7-7b'>i'**J^7 7 7t^^EEPROM^4ot:t 
6MB I x-7';l.7'P7^7tCRAMl 3±cDMSf2hfc 

MB I 7— T'jUT^P -7 ^c:K^^^§^J2it^/-i?)o:)^-i' h 
7i7'fex<h4:tf5- cn6 4ii(7:)7-r hr i'-fexij. 
n-enxf"7yA8 ir^mi^fcm-^twimommxn 

[0 2 3 5 ] c<^)<tO(c. X7 7 b>^5^}4l^^^3;^•7 7• 
rt. X^i^7 7mll^f$-h, ^7 7'HX7*7b->^co 
-7 7*|^X 7 -7 b> ^(Dm-^J: ^h. - K 7 ^ 

■fexjs{^*5j:?>'^H' hT^-fexaif^j&^-en-eniiEiro 

[0 2 3 6 1 l^J&5U'^j:3&^6. C(Dmmmx\t. X7-7b' 
X 7 -7 b> ^yjCirb'*^:^ -7 7*felX 7 -7 b:> ^J^'^^'^^lfUE^ 

ifli$(l-rs*"30ir*s. J:'yr. ^•7 7"Bgx7 •7b'>:5'*K 

[0 2 3 7 ] X7-7 7'A8 5. :feJ:?>A 8 7 "C^^Cg^ 

77'-A'^xrOi. Xt'7 7*A8 3TIEir^n/cUWC 
r-~^^^t?MB I r-'7';b7'P -7:^^7^ h>Pta^07 
^•7>•^EEPROMtC^^iiiO/c^^>0D^>(' F7^feX 



C24) 

[ j 2 3 8 ] l';(±<7:. J: 9 ic . L WC T- 3^ i7:)fii±/-5^ «9 

: 0 2 3 9] i.wc f^-^^offij? >f h r^-fe;^<D!f ;c 1.0 

xf)mnmt'(b ^- \ to;*; 7 > h r 7 n. ^ uri 

•< ^^Si^fl^-9ffl?SfB#^C:te«. 7 ^ -> ;> ^ n E P R OM 1 
- •• . 1 1 - I 6C-^*^^^t:07'!n ^'^cS^iA 
^' ! . r - ^ WICefifii UZkt. luj LOiS-e^/t: < . 

0 2 4 0] t;±attfl^ L/ccfc -5 5c . c co^jfewc^dc^r 

\t. ECCilt#[5|[a2 I vCJcotr-v-ySKlECCr- 
'^/^if^S 5 1-:. ^-^D ii c c -f - ^^x)^E c zmnoMp^t 

•^c /c r - ^ tm—O--^ - ^ t OA ^ n C CD/c 
i*^* /c<i: X. 7 V ^ R E P R OM<D^-i -i^-g-tlHE' 
v.J)\n]— b y h fiL^CC^B-feJU:^?^^'^. L r ^ . E C C 
goo c 4 ^ r - S * ti ^ :f^M-t2 ^'i- 1 -o/c 
L.fc;!i5-,-C. x-5?[iimfiE:^<0SC*j«JS^cEC 

^<^7^n-:;^7jc*f»S>-r^#j^[uigcm^R<!:i/rLW 

a- :2i ^ 3 h r - ^ M ^ -h r 7 7 7 ^ E E P 
:':)242 } 

vj:. 7 '7 •/ E E P "ROUCy^-^-iXDHESmiiM 

L r E c c ^m^mmm^^mm-^^z i j: , 

\'^tiitmr- ^OMmmi^Ji:V-y v v E E P R 0 
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N A N D 5£ 7 V i-' ^ E E P R 0 NKDfiSjg^rTnT a 

[113] sioi^o^f^f^YX^^gic^t-t^bnrc^-s^ [ 
[04 } mio^^wf i 'A'^mm.^^.ihj^^^)^ J 

E E p ROMi^oi^T^n ^^-en-enofijfflB*i 

^5tC;^Ki/;^c7'D7^'CD4^r'^^'j7'n7^'g 

H UX^}ftfci:0'UWC7--'7';KDrtS=5:7i^T^, 
[^9 1 S70MB I y--y'Jl:fV y ^'Z^m^tx^>^ 

:S 1 0 ] mb(tC7rzbfc^\2 7 ^<7)rtJT3 I O^agf^f" 

[nil] 01 0*a3l(*7=^v::^^KSgOR'AM±iC^t:r 
hh67 K u;^^^r'-7'JUcom^^Tia. 
[E112] @I 1<DT KU7;^»if*^7%^fiJfflU/c;^ 

^ E E P R OM^C-r-^i:m^i^Um'^<Dy 

viy^ E EPROMCD:^Oi5^^A1f-<^;U:$:tJiB^r^^ 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



(Claira(s)] 

[Claim 1] The memory cell array which has two or more pages in which each includes a data storage area and a redundancy 
field. Have a data register holding the data for 1 page, and the flash EEPROM by which data transfer between a data register 
and a memory cell array is performed per page is built in. In the RAM disk equipment which accesses said flash EEPROM 
according to the disk-accessing demand from host equipment The data buffer which stores the lead data by which reading 
appearance was carried out from the light data transmitted from said host equipment, and said flash EEPROM, A light 
demand is answered from said host equipment, and Che light access means which carries out light access of said flash 
EEPROM is provided. This light access means The light data stored in said data buffer are calculated in the data stream unit 
equivalent to the size of the data storage area of each of said page. So that it may be written in the data storage area and 
redundancy field an error correcting code generation means to generate an error correcting code for every data stream, and 
whose error correcting code corresponding to said data stream and it are the same pages Semi-conductor TISUKU equipment 
characterized by including a means to add the error correcting code corresponding to it for every data stream, and to transmit 
to the data register of said flash EEPROM. 

[Claim 2] It is RAM disk equipment according to claim 1 characterized by answering a lead demand from said host 
equipment, providing further the read access means which carries out read access of said flash EEPROM, and for this read 
access means calculating the error correcting code of each page by which reading appearance is carried out from said flash 
EEPROM, and including an error correcting code operation means to perform error detection and correction for every data 
stream of each page. 

[Claim 3] RAM disk equipment according to claim I characterized by providing further the means which writes the bad 
sector information which shows the bad sector specifled from said host equipment in the redundancy field of the page 
corresponding to the bad sector. 

[Claim 4] RAM disk equipment according to claim 1 characterized by providing further the means which writes the error 
information which shows the ECC error generating sector specified from said host equipment in the redundancy field of the 
page corresponding to the error generating sector. 

[Claim 5] RAM disk equipment according to claim 1 characterized by being constituted so that ROM in which the program 
performed by said host equipment was stored may be provided further, the lead demand of the predetermined address from 
said host equipment may be answered and a program may be transmitted to said host equipment from said ROM. 
[Claim 6] The memory cell array which has two or more pages in which each includes a data storage area and a redundancy 
field, Have a data register holding the data for 1 page, and the flash EEPROM by which data transfer between a data register 
and a memory cell array is performed per page is built in. In the RAM disk equipment which accesses said flash EEPROM 

according to the disk-accessing demand from host equipment A microprocessor and the data buffer which stores the lead data 
by which reading appearance was carried out from the light data transmitted from said host equipment, and said flash 
EEPROM, The flash memory interface circuitry which is controlled by said microprocessor and carries out read/write access 
of said flash EEPROM, The I/O register group in which read/write is possible is provided by said microprocessor. Said flash 
memory interface circuitry The light data by which reading appearance is carried out in the data stream unit which is 
equivalent to the size of the data storage area of each of said page from said data buffer with said microprocessor are 
calculated. So that it may be written in the error correcting code generation circuit which generates an error correcting code 
for every data stream, and the data storage area and redundancy field whose error correcting code corresponding to said data 
stream and it is the same page The light data transfer circuit which adds the error correcting code corresponding to it for 
every data stream, and is transmitted to the data register of said flash EEPROM, The lead data transfer circuit which takes out 
the data stream stored in said data storage area from the lead data by which reading appearance is carried out from the data 
register of said flash EEPROM, and is transmitted to said data buffer. Error detection of said lead data is performed using the 
error correcting code contained in said lead data. The error correcting code checking circuit which sets the detection result to 
said I/O register is included. Said microprocessor RAM disk equipment characterized by performing the error correction of 
the lead data transmitted to said data buffer according to the result of an operation set to said I/O register. 
[Claim 7] The memory cell array in which the count information of rewriting which shows the count of rewriting of the block 
in the redundancy field of the predetermined page of each block is stored including two or more blocks which have two or 
more pages in which each includes a data storage area and a redundancy field, respectively. Have a data register holding the 
data for 1 page, and data transfer between a data register and a memory cell array is performed per page. Elimination 
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actuation builds in the flash EEPROM performed per block. It is RAM disk equipment which accesses said flash EEPROM 
according to the disk-accessing demand from host equipment. The data buffer which stores the lead data by which reading 
appearance was carried out from the light data transmitted from said host equipment, and said flash EEPROM, A light 
demand is answered from said host equipment, and the light access means which carries out light access of said flash 
EEPROM is provided. This light access means A means to read the count information of rewriting from said predetermined 
page within the block for a light specified by said light demand, and to update the value of the count information of rewriting. 
Add said updated count information of rewriting to the light data which should be written in said predetermined page, and 
page data are generated. RAM disk equipment characterized by providing a means to transmit said page data to the data 
register of said flash EEPROM so that it may be stored in the data storage area and redundancy field said light data and said 
whose updated count information of rewriting are said predetermined pages. 

[Claim 8] The memory cell array in which the count information of rewriting which shows the count of rewriting of the block 
in the redundancy field of the predetermined page of each block is stored including two or more blocks which have two or 
more pages in which each includes a data storage area and a redundancy field, respectively. Have a data register holding the 
data for 1 page, and a command is answered from the outside. The elimination actuation which eliminates the content of 
storage per block, the light actuation which writes data in a memory cell array per page. And the flash EEPROM which 
performs lead actuation which reads data from a memory cell array in a page unit is built in. In the RAM disk equipment 
which accesses said flash EEPROM according to the disk-accessing demand from host equipment The data buffer which 
stores the lead data by which reading appearance was carried out from the light data transmitted from said host equipment, 
and said flash EEPROM, A light demand is answered from said host equipment, and the light access means which carries out 
light access of said flash EEPROM is provided. This light access means Publish a lead command and said flash EEPROM is 
set as a lead mode of operation. A means to read the count information of rewriting from said predetermined page within the 
block for a light specified by said light demand, and to update the value of the count information of rewriting. When the page 
of the outside for light access exists in the block for a light. The data stored in the page of the outside for [ the ] light access 
are read on said data buffer. The storing location on the data buffer of each data which constitutes the block data for 1 block 
which should be written in the block for [ said ] a light based on the address on the data buffer of the read data, and the 
address of the light data stored in said data buffer A means to generate the header table holding the shown address 
information, and a means to publish an erasion command, to set said flash EEPROM as an elimination mode of operation, 
and to eliminate the content of storage of said block for a light. With reference to the address information of said header 
table, the light data which should be written in said predetermined page are read from said data buffer. So that said updated 
count information of rewriting may be added to the light data, page data may be generated and it may be stored in the data 
storage area and redundancy field said light data and said whose updated count information of rewriting are said 
predetermined pages A means to transmit said page data to the data register of said flash EEPROM, RAM disk equipment 
characterized by including a means to read the light data which should be written in in addition to said predetermined page 
from said data buffer one by one with reference to the address information of said header table, and to transmit it to the data 
register of said flash EEPROM. 

[Claim 9] The memory cell array in which the count information of rewriting which shows the count of rewriting of the block 
in the redundancy field of the predetermined page of each block is stored including two or more blocks which have two or 
more pages in which each includes a data storage area and a redundancy field, respectively, Have a data register holding the 
data for 1 page, and a command is answered from the outside. The elimination actuation which eliminates the content of 
storage per block, the light actuation which writes data in a memory cell array per page, And the flash EEPROM which 
performs lead actuation which reads data from a memory cell array in a page unit is built in. In the RAM disk equipment 
which accesses said flash EEPROM according to the disk-accessing demand from host equipment The data buffer which 
stores the lead data by which reading appearance was carried out from the light data transmitted from said host equipment, 
and said flash EEPROM, A light demand is answered from said host equipment, and the light access means which carries out 
light access of said flash EEPROM is provided. This light access means Publish a lead command and said flash EEPROM is 
set as a lead mode of operation. A means to read the count information of rewriting from said predetermined page within the 
block for a light specified by said light demand, and to update the value of the count information of rewriting, When the page 
of the outside for light access exists in the block for a light. The data stored in the page of the outside for [ the ] light access 
are read on said data buffer. The block data for 1 block which should be written in the block for [ said ] a light based on the 
address on said data buffer of the read data, and the address on said data buffer of the light data stored in said data buffer A 
means to generate the header table holding the address information which shows the storing location on the data buffer of 
each data to constitute, A means to publish an erasion command, to set said flash EEPROM as an elimination mode of 
operation, and to eliminate the content of storage of said block for a light, The means which reads said block data from said 
data buffer one by one with reference to the address information of said header table in the data stream unit equivalent to the 
size of said data storage area. An error conecting code generation means by which reading appearance is carried out from 
said data buffer to generate an error correcting code for every data stream, The error correcting code corresponding to the 
data stream to the data stream which should be written in said predetermined page. And so that said updated count 
information of rewriting may be added, page data may be generated and it may be written in the redundancy field the data 
storage area said whose data stream is said predetermined page, said updated count information of rewriting, and whose error 
correcting code are said predetermined pages A means to transmit said generated page data to the data register of said flash 
EEPROM, Add the error correcting code corresponding to the data stream to the data stream which should be written in the 
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page for every pages of other other than said predetermined page, and page data are generated. RAM disk equipment 
characterized by including a means to transmit said generated page data to the data register of said flash EEPROM so that it 
may be written in the data storage area and redundancy field said whose data stream and error correcting code are each page. 
[Claim 10J Two or more blocks which have two or more pages in which each includes a data storage area and a redundancy 
field, respectively are included. The 1st count data of rewriting which consists of the high-order-bit sections of the count data 
of rewriting in which the count of rewriting of each block is shown is stored in a predetermined block. The memory cell array 
by which the 2nd count data of rewriting which consists of the lower bit sections of the count data of rewriting corresponding 
to the block is stored tn the redundancy field of the predetermined page of each block, Have a data register holding the data 
for 1 page, and a command is answered from the outside. The elimination actuation which eliminates the content of storage 
per block, the light actuation which writes data in a memory cell array per page. And the flash EEPROM which performs 
lead actuation which reads data from a memory cell array in a page unit is built in. In the RAM disk equipment which 
accesses said flash EEPROM according to the disk-accessing demand from host equipment The data buffer which stores the 
lead data by which reading appearance was carried out from the light data transmitted from said host equipment, and said 
flash EEPROM, Publish a lead command, set said flash EEPROM as a lead mode of operation, and the 1st count data of 
rewriting is read from said predetermined block. The count management tool of rewriting which manages the count of 
rewriting of said flash EEPROM for every block according to the 1st count data of rewriting, A light demand is answered 
from said host equipment, and the light access means which carries out light access of said flash EEPROM is provided. This 
light access means Publish a lead command and said flash EEPROM is set as a lead mode of operation. A means to read the 
2nd count data of rewriting from said predetermined page within the block for a light specifled by said light demand, and to 
update the value of the 2nd count data of rewriting. The data stored in the page of the outside for [ within the block for a 
light ] light access are read on said data buffer. The storing location on the data buffer of each data which constitutes the 
block data for 1 block which should be written in the block for [ said ] a light based on the address on the data buffer of the 
read data, and the address of the light data stored in said data buffer A means to generate the header table holding the shown 
address information, and a means to publish an erasion command, to set said flash EEPROM as an elimination mode of 
operation, and to eliminate the content of storage of said block for a light. With reference to the address information of said 
header table, a means to carry out reading appearance of said block data in a page unit from said data buffer, and to transmit 
to the data register of said flash EEPROM is included. When the digit riser from the count data of rewriting to said 2nd count 
data [ 1st ] of rewriting generates said count management tool of rewriting by renewal of said 2nd count data of rewriting, 
RAM disk equipment characterized by including a means to update the value of the 1st count data of rewriting corresponding 
to said block for a light. 

[Claim 11] Said count management tool of rewriting is RAM disk equipment according to claim 10 with which the difference 
of the count of rewriting with the block for a light is characterized by to provide further a means determine the block which 
reaches beyond a predetermined value as a swapping point block, and a swapping means replace mutually the block address 
and the content of storage of said block for a light, and said swapping point block when the value of the 1st count data of 
rewriting of said block for a light is updated. 

[Claim 12] RAM disk equipment according to claim 11 characterized by said thing [ that two or more respectively discrete 
values are stored in the redundancy field of the predetermined page of a block as initial value of said 2nd count data of 
rewriting ]. 

[Claim 13] In said predetermined block, said count information of the minimum rewriting which shows two or more values 
of the 1st minimum count data of rewriting in a block. The swapping table holding the priority information which shows the 
priority of a swapping point block according to the value of said 1st count data of rewriting is stored. Said count management 
tool of rewriting When the value of the 1st count data of rewriting of said block for a light is updated, A means by which 
compare the value which the count information of the minimum rewriting on the count of rewriting of the block for a light 
and said swapping table shows, and the difference of the count of rewriting judges whether it is beyond a predetermined 
value. When the difference of the count of rewriting is beyond a predetermined value, with reference to said priority 
information on said swapping table, the swapping point block of whenever [ of the highest priority ] is determined, RAM disk 
equipment according to claim 10 characterized by providing further a swapping means to replace mutually the block address 
and the content of storage of said block for a light and swapping point block of whenever [ said top priority ]. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] 

[Industrial Application] Especially this invention builds in the flash EEPROM which has two or more page fields where each 
includes a data storage area and a redundancy field about RAM disk equipment, and relates to the RAM disk equipment 
which accesses said flash EEPROM according to the disk-accessing demand from host equipment. 
[0002] 

[Description of the Prior Art] Many of information processors, such as the conventional workstation and a personal 
computer, used the magnetic disk drive as secondary storage. While a magnetic disk drive has an advantage, like a bit unit 
price with the high dependability of record is cheap, it has a fault, such as being weak, in a physical impact with the great size 
of equipment. 

[0003] Then, attentions have gathered for RAM disk equipment strong also against an impact with it in recent years. [ the 
small size of equipment, and ] [ physical ] The flash EEPROM whose RAM disk equipment is the semiconductor memory of 
the non-volatile in which package elimination is possible electrically is used as secondary storage, such as a personal 
computer, like the conventional magnetic disk drive etc. Since a part for mechanical moving part like the magnetic head of a 
magnetic disk drive or a revolution disk is not included in this RAM disk equipment, it is hard to generate malfunction and 
failure by the physical impact. Moreover, there is an advantage, like the size as equipment also becomes small. 
[0004] By the way, in RAM disk equipment, the ECC calculation function is prepared, and ECC corresponding to the content 
of data is usually generated and added to the data written in a flash EEPROM. By using this ECC calculation function, the 
dependability of the data written in a flash EEPROM can be raised, 

[0005] In the former which shows the typical data storage fornvat adopted with conventional RAM disk equipment with an 
ECC calculation function function to drawing 21 , ECC is generated for every sector which is a disk-accessing unit by host 
equipment. For this reason, ECC is stored in the location which follows that sector data, when sector data with the size of 512 
bytes are continued and stored in 2 pages of a flash EEPROM as shown in drawing 21 . Although determined by the physical 
size of a flash EEPROM, when in what page of a flash EEPROM sector data are continued and stored uses the 16M bit flash 
EEPROM with the largest size by which current development is carried out, 512 bytes of sector data will be continued and 
stored in 2 pages of a flash EEPROM 1 like a graphic display. 

[0006] In this case, the sector data covering those 2 pages calculate, and ECC is generated. This generated ECC follows 
sector data and is stored in the 2nd page. 

[0007] However, in the conventional RAM disk equipment which used such a data storage format, consideration of the 
following error generating properties which a flash EEPROM has produces the nonconformity of the dependability of data 

storage falling. 

[0008] That is, in the semiconductor memory which makes a flash EEPROM the start, the error mode in which a defect 
occurs simultaneously exists in two or more memory cells connected not only to a certain specific memory cell but to the 
same bit line. This error mode is caused by the defect of a bit line, and the poor contact between a bit line and a cel. 
[0009] When such error mode occurs, a defect eel is generated in the same bit position of each two or more pages of a flash 
EEPROM as shown in drawing. 21 . In this case, in conventional RAM disk equipment, a two-place error will be generated 
like a graphic display at the data stream set as the object of an ECC operation. 

[0010] Although detection and correction of the error can generally be easily performed by the error detection and correction 
using ECC when an error is one place, about two or more errors, the detection and correction become difficult. In order to 
correspond to such an error, the complicated high ECC operation expression of data bounce-back capability is needed. 
[0011] However, if ECC operation expression is complicated, while the configuration of RAM disk equipment will be 
complicated, in order for generation of ECC at the time of the data light and the ECC check operation at the time of a data 
lead to take much time amount, the fault that the access rate of RAM disk equipment falls is caused. 
[0012] Moreover, with conventional RAM disk equipment, all not only of generation of ECC and an ECC check operation 
but the error detection based on the result of an operation and error correction processing were performed by hardware. For 
this reason, there was a problem that the gate number for realizing that hardware increased, or a read/write rate fell as a result 
by complication of hardware. 

[0013] Furthermore, with conventional RAM disk equipment, package management of the count of rewriting of each block 
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of a flash EEPROM is carried out by the count information of rewriting stored in the specific block of the flash EEPROM. 
For this reason, in case data are written in a flash EEPROM, two light accesses with light access for updating light access for 
data writing and the count information of rewriting are needed. Therefore, while the time amount which data writing takes 
became long, the count of light access to the block which has memorized the count information of rewriting projected and 
increased compared with other blocks, and there was a problem to which the life of a flash EEPROM becomes short by this. 
[0014] 

[Problem(s) to be Solved by the Invention] With conventional RAM disk equipment, the physical structure of a flash 
EEPROM was not fully taken into consideration. For this reason, even if it prepared the ECC calculation function, sufficient 
storage dependability was not able to be acquired. Moreover, since the count information of rewriting was concentrated and 
stored in the specific block, only the count of rewriting of the block increased and there was a fault to which the life of a flash 

EEPROM becomes short by this. 

[0015] This invention was made in view of such a point, uses the redundancy field of each page of a flash EEPROM 
effectively, and enables it to manage ECC and the count information of rewriting, and it aims at offering the RAM disk 
equipment which can realize high life-ization of the dependability of enough stored data, and a flash EEPROM. 
[0016] 

[Means for Solving the Problem and its Function] The memory cell array in which invention concerning claim 1 has two or 
more pages in which each includes a data storage area and a redundancy field, Have a data register holding the data for 1 
page, and the flash EEPROM by which data transfer between a data register and a memory cell anay is performed per page is 
built in. In the RAM disk equipment which accesses said flash EEPROM according to the disk- accessing demand from host 
equipment The data buffer which stores the lead data by which reading appearance was carried out from the light data 
transmitted from said host equipment, and said flash EEPROM, A light demand is answered from said host equipment, and 
the light access means which carries out light access of said flash EEPROM is provided. This light access means The light 
data stored in said data buffer are calculated in the data stream unit equivalent to the size of the data storage area of each of 
said page. So that it may be written in the data storage area and redundancy field an error correcting code generation means 
to generate an error correcting code for every data stream, and whose error correcting code conesponding to said data stream 
and it are the same pages It is characterized by including a means to add the error correcting code corresponding to it for 
every data stream, and to transmit to the data register of said flash EEPROM. 

[0017] In this RAM disk equipment, an error correcting code is generated for every page of a flash EEPROM, and it is 
written in the redundancy field that error correcting code of whose is each page. For this reason, even if, even if a two or 
more pages defect eel occurs in each same bit position, the defect eel contained in the data stream of a flash EEPROM set as 
the operation object of an error correcting code is set only to one. Therefore, without using the complicated high ECC 
operation expression of data bounce-back capability, by the easy usual ECC operation, it becomes possible to perform error 
detection and correction, and the RAM disk equipment in which rapid access is possible is realized highly [ storage 
dependability ]. 

[0018] Moreover, in invention concerning claim 3 and claim 4, it is characterized by writing not only an enor correcting code 
but the bad sector information specified from host equipment and error information in a redundancy field, respectively. 
[0019] By this, since it becomes unnecessary to carry out the centralized control of bad sector information or the error 
information, it becomes unnecessary to prepare the exclusive field for storing these information, and the data storage area of 
a flash EEPROM can be used effectively for storing of user data. 

[0020] Moreover, invention concerning claim 5 is characterized by being constituted so that ROM in which the program 
performed by said host equipment was stored may be provided in addition to the configuration of claim 1, the lead demand of 
the predetermined address from said host equipment may be answered and a program may be transmitted to said host 
equipment from said ROM. 

[0021] In this RAM disk equipment, ROM in which the program of an application program, an operating system, etc. other 
than a flash EEPROM was stored is prepared, and when the lead demand of a predetermined address is published from host 
equipment, reading appearance of the program of this ROM is carried out. Since rewriting does not generate programs, such 
as an application program, the data storage area of an expensive flash EEPROM can be used effectively for storing of user 
data by storing the program in comparatively cheap ROM. 

[0022] Moreover, the memory cell array in which invention concerning claim 6 has two or more pages in which each 
includes a data storage area and a redundancy field. Have a data register holding the data for 1 page, and the flash EEPROM 
by which data transfer between a data register and a memory cell array is performed per page is built in. In the RAM disk 
equipment which accesses said flash EEPROM according to the disk-accessing demand from host equipment A 
microprocessor and the data buffer which stores the lead data by which reading appearance was carried out from the light 
data transmitted from said host equipment, and said flash EEPROM, The flash memory interface circuitry which is controlled 
by said microprocessor and carries out read/write access of said flash EEPROM, The I/O register group in which read/write is 
possible is provided by said microprocessor. Said flash memory interface circuitry The light data by which reading 
appearance is carried out in the data stream unit which is equivalent to the size of the data storage area of each of said page 
from said data buffer with said microprocessor are calculated. So that it may be written in the error correcting code 
generation circuit which generates an error correcting code for every data stream, and the data storage area and redundancy 
field whose error correcting code corresponding to said data stream and it is the same page The light data transfer circuit 
which adds the error correcting code corresponding to it for every data stream, and is transmitted to the data register of said 
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flash EEPROM, The lead data transfer circuit which takes out the data stream stored in said data storage area from the lead 
data by which reading appearance is carried out from the data register of said flash EEPROM, and is transmitted to said data 
buffer, Error detection of said lead data is performed using the error correcting code contained in said lead data. Said 
microprocessor is characterized by performing the error correction of the lead data transmitted to said data buffer according 
to the result of an operation set to said I/O register including the error correcting code checking circuit which sets the 
detection result to said 1/0 register. 

[0023] The error correction of lead data is performed in this RAM disk equipment by the firmware which the check for 
generation of an error correcting code and error detection is performed by the hardware logic of a flash memory interface 
circuitry, and is performed by the microprocessor. Therefore, a load distribution is efficiently made by firmware and 
hardware and the configuration of hardware can be simplified rather than the case where all of the ECC check operation for 
generation of ECC and error detection and an error correction are performed by hardware. 

[0024] Moreover, invention concerning claim 7 includes two or more blocks which have two or more pages in which each 
includes a data storage area and a redundancy field, respectively. The memory cell array by which the count information of 
rewriting which shows the count of rewriting of the block is stored in the redundancy field of the predetermined page of each 
block. Have a data register holding the data for 1 page, and data transfer between a data register and a memory cell array is 
performed per page. Elimination actuation builds in the flash EEPROM performed per block. It is RAM disk equipment 
which accesses said flash EEPROM according to the disk-accessing demand from host equipment. The data buffer which 
stores the lead data by which reading appearance was carried out from the light data transmitted from said host equipment, 
and said flash EEPROM, A light demand is answered from said host equipment, and the light access means which carries out 
light access of said flash EEPROM is provided. This light access means A means to read the count information of rewriting 
from said predetermined page within the block for a light specified by said light demand, and to update the value of the count 
information of rewriting, Add said updated count information of rewriting to the light data which should be written in said 
predetermined page, and page data are generated. It is characterized by providing a means to transmit said page data to the 
data register of said flash EEPROM so that it may be stored in the data storage area and redundancy field said light data and 
said whose updated count information of rewriting are said predetermined pages. 

[0025] In this RAM disk equipment, the count information of rewriting corresponding to that block is stored in the 
redundancy field of the predetermined page of each block, and the value of the count information of rewriting on that block 
for a light is updated in the case of the data writing to the block for a light. The updated count information of rewriting is 
added to the light data which should be written in a predetermined page, and is transmitted to the data register of a flash 
EEPROM. Since the count information of rewriting is managed within each block, it becomes unnecessary thus, to carry out 
the centralized control of the count information of rewriting in a specific field. For this reason, generating of the problem that 
the count of rewriting of a specific region projects and increases by light access for updating the count information of 
rewriting can be prevented. Moreover, only by light access to the same block, renewal of data writing and the count 
information of rewriting can carry out, and improvement in the light access engine performance can be aimed at as a result. 
[0026] Moreover, invention concerning claim 8 includes two or more blocks which have two or more pages in which each 
includes a data storage area and a redundancy field, respectively. The memory cell array by which the count information of 
rewriting which shows the count of rewriting of the block is stored in the redundancy field of the predetermined page of each 
block, Have a data register holding the data for 1 page, and a command is answered from the outside. The elimination 
actuation which eliminates the content of storage per block, the light actuation which writes data in a memory cell array per 
page, And the flash EEPROM which performs lead actuation which reads data from a memory cell array in a page unit is 
built in. In the RAM disk equipment which accesses said flash EEPROM according to the disk-accessing demand from host 
equipment The data buffer which stores the lead data by which reading appearance was carried out from the light data 
transmitted from said host equipment, and said flash EEPROM, A light demand is answered from said host equipment, and 
the light access means which carries out light access of said flash EEPROM is provided. This light access means Publish a 
lead command and said flash EEPROM is set as a lead mode of operation. A means to read the count information of 
rewriting from said predetermined page within the block for a light specified by said light demand, and to update the value of 
the count information of rewriting. When the page of the outside for light access exists in the block for a light. The data 
stored in the page of the outside for [ the ] light access are read on said data buffer. The storing location on the data buffer of 
each data which constitutes the block data for 1 block which should be written in the block for [ said ] a light based on the 
address on the data buffer of the read data, and the address of the light data stored in said daU buffer A means to generate the 
header table holding the shown address information, and a means to publish an erasion command, to set said flash EEPROM 
as an elimination mode of operation, and to eliminate the content of storage of said block for a light. With reference to the 
address information of said header table, the light data which should be written in said predetermined page are read from said 
data buffer. So that said updated count information of rewriting may be added to the light data, page data may be generated 
and it may be stored in the data storage area and redundancy field said light data and said whose updated count information 
of rewriting are said predetermined pages A means to transmit said page data to the data register of said flash EEPROM, 
With reference to the address information of said header table, the light data which should be written in in addition to said 
predetermined page are read from said data buffer one by one, and it is characterized by including a means to transmit it to 
the data register of said flash EEPROM. 

[0027] In this RAM disk equipment, when the page of the outside for light access exists within the block for a light, reading 
appearance of the so-called involvement elimination data stored in the page of the outside for light access is carried out, and a 



http://www4.ipdl.ncipi.go.Jp/cgi-bin/tran web cgi ejje 



9/19/2005 



JP,07-302175,A [DETAILED DESCRIPnON] 



Page 4 of 16 



header table is generated based on the address of each of that involvement elimination data and light data from a host. If a 
header table is generated, after the content of storage of the block for a light is eliminated, according to the address 
information of a header table, block data will be transmitted to a data register in a page unit from a data buffer, and write-in 
actuation will be performed within a flash EEPROM. In this data transfer, the count information of rewriting is added and 
transmitted about the data which should be written in a predetermined page. For this reason, like the RAM disk equipment of 
claim 7, only by light access to the same block, renewal of data writing and the count information of rewriting can carry out, 
and improvement in the light access engine performance can be aimed at as a result. Moreover, data transfer processing to a 
flash EEPROM from a data buffer can be performed, without distinguishing involvement elimination data and light data by 
referring to this header table, since the header table holding the address information which shows the storing location of the 
block data for 1 block is generated. 

[0028] Moreover, in addition to the configuration of claim 8, it is the configuration of having had error correcting code 
generation and the calculation function of claim 1, and, as for invention of claim 9, an error correcting code is stored in the 
redundancy field to which the count information of rewriting and an error correcting code are stored, and are each of other 
page in the redundancy field of the predetermined page of each block. In this RAM disk equipment, it becomes possible to 
use a redundancy field for validity more. 

[0029] Moreover, invention of claim 10 carries out another **** management of the count information of rewntmg on each 
block in the configuration of claim 7 at the high-order-bit section and lower bit section. It is the configuration of 
concentrating and storing the 1st count data of rewriting which consists of the high-order-bit sections in a predetermined 
block, and distributing and storing in the redundancy field of a predetermined page the 2nd count data of rewriting which 
consists of the lower bit sections for every block, 

[0030] In this RAM disk equipment, since only the low order bit data of the count information of rewriting are stored in a 
redundancy field, the activity field of a redundancy field can be reduced. Moreover, whenever rewriting occurs, it is 
necessary to update low order bit data but, and since this updating is performed by light access for the data writing to the 
block for rewriting, and coincidence, it does not need to perform separately light access for data writing, and light access for 
renewal of the count information of rewriting like the RAM disk equipment of claim 7. Moreover, the count of rewriting of 
all blocks can be managed only by data read-out from one block, without reading the count information of rewriting 
sequentially from all blocks, since the data of the high-order-bit section of the count information of rewriting are 
concentrated and stored in the predetermined block. 

[0031] Moreover, invention of claim 11 establishes the swapping means for equalizing the count of rewriting to the count 
management tool of rewriting of claim 10. In this RAM disk equipment, when a digit riser occurs to the data of the lower bit 
section of the count information of rewriting, it is examined whether the block exchange for leveling is performed. When the 
block with which the difference of the count of rewriting with the block for a light reaches beyond a predetermined value 
exists, die block is determined as a swapping point block, and the address and the content of storage are mutually replaced 
between the block and the block for a light. Thus, since it is examined whether the block exchange for leveling is performed 
on condition that the digit riser of the lower bit section data of the count information of rewriting, it becomes unnecessary to 
monitor the count of rewriting of each block continuously, and management of the count of rewriting becomes easy. 
[0032] Moreover, invention of claim 12 stores a respectively discrete value for every block as initial value of the 2nd count 
data of rewriting in the time of disk manufacture and shipment etc. It can prevent the examination processing and swapping 
processing of swapping resulting from digit going up concentrating, and generating by this, even if rewriting to two or more 
blocks occurs continuously, since the stage when a digit riser occurs shifts for eveiy block. 

[0033] Moreover, in addition to the 1st count data of rewriting, the swapping table is stored in the predetermined block of 
FUSSHU EEPROM in invention of claim 13. The priority information which shows the priority of a swapping point block in 
this swapping table according to the value of the 1st count data of rewriting is held. Therefore, it becomes possible to specify 
a swapping point block easily, without canying out sorting of the 1st count data of rewriting. 
[0034] 

[Example] Hereafter, the example of this invention is explained with reference to a drawing. 

[0035] The configuration of the RAM disk equipment concerning one example of this invention is shown in drawing 1 . This 
RAM disk equipment 10 is used as an alternative of a hard disk drive unit, connecting with host systems, such as a personal 
computer, emulates the disk-accessing demand from a host system (driver for a file system and magnetic disk drives) to the 
access request to a flash EEPROM, and accesses the flash EEPROM of RAM disk equipment 10 built-in. To this RAM disk 
equipment 10, it is possible to carry a maximum of 16 flash EEPROM chips. These flash EEPROMs are mounted in the 
circuit base of RAM disk equipment 10 free [ attachment and detachment ] through an IC socket, respectively. In drawing 1 , 
the condition that 16 NAND mold flash EEPROMs 11-1 to 11-16 are carried is shown. A controller 12 and RAM13 are 
further formed in RAM disk equipment 10. 

[0036] A flash EEPROM 11-1 to 11-16 is used as a record medium of this RAM disk equipment 10, and is equivalent to the 
magnetic-recording medium of a hard disk drive unit. These flash EEPROMs 11-1 to 11-16 are connected to the controller 12 
through the NAND memory bus 14. The various control signal lines connected to the data bus of 8-bit width of face and the 
control signal terminal of each flash EEPROM are defined as the NAND memory bus 14. Common connection of an I/O data 
bus and the various control signal lines is made at data input/output terminal I/O of a flash EEPROM 11-1 to 11-16, and the 
control signal input terminal CONT (the command latch enabling terminal CLE, the address latch enabling terminal ALE, the 
write enable terminal WE, the lead enabling terminal RE, etc. are included), respectively. 
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[0037] Furthermore, between the flash EEPROM 11-1 to 11-6, and the controller 12, the chip select signal (CS1-CS8) line 
and the Ready/Busy signal line (R/Bl - R/B16) are independently arranged for every chip, respectively. 
[0038] These flash EEPROMs 11-1 to 11-6 are the 16M bit NAND molds EEPROM, respectively, and they are equipped 
with the memory cell array 1 1 1 and the data register 112 as shown in drawing 2 . The memory cell array 111 has a 8K line 
x264 train x8 bit bit pattern, and has 512 blocks. Data elimination can be performed in this block unit. Each block consists of 
16 pages (line), and each page is equipped with 256 bytes of data storage area, and 8 bytes of redundancy field. Writing and 
read-out of data are performed per page through 256+8 bytes of data register 112. The redundancy field of each page is used 
for storing of ECC or the count data of rewriting in this RAM disk equipment. 

[0039] The flash EEPROM 11-1 to 11-6 has modes of operation, such as a write mode, a Read mode, and washout mode, 
respectively, and these modes of operation are specified by the conmiand from a controller 12. 

[0040] In a Read mode, automatic activation of the data transfer (page lead) of the page unit from the memory cell array 111 
to a data register 112 is carried out inside a flash EEPROM. a Ready/Busy signal line is set as a Busy condition during this 
data transfer period - having - this - a page lead - a working thing is notified to a controller 12. Reading appearance of the 
data for 1 page transmitted to the data register 112 is serially carried out by 8 bitwises from input/output terminal I/OO - 1/07. 
Termination of the serial lead of the data for 1 page performs the page lead of the following page automatically. 
[0041] In a write mode, automatic activation of the data transfer (page light) of the page unit from the data register 112 to the 
memory cell array 111 is carried out inside a flash EEPROM. a Ready/Busy signal line is set as a Busy condition during this 
data transfer period - having - this - a page light - a working thing is notified to a controller 12. 

[0042] In washout mode, package elimination of the content of storage of a block of the arbitration specified by the command 
from a controller is carried out. 

[0043] In RAM disk equipment 10, most processings for control of these flash EEPROMs 11-1 to 11-6 are controlled by 
firmware. The ECC check in the case of the ECC generation in the case of the data writing to a flash EEPROM and data 
read-out from a flash EEPROM is performed by hardware. 

[0044] Next, the configuration of the disk controller 12 of RAM disk equipment 10 is explained. 
[0045] The disk conlroller 12 is realized by one LSI, and accumulation formation of a microprocessor (MPU) 14, the 
processor bus interface 15, ROM 16, the external bus interface 17, the buffer memory controller 18, and the NAND bus 
interface 19 is carried out at the LSI chip as shown in drawing.1 . 

[0046] A microprocessor 14 is what performs firmware stored in R0M16 and controls actuation of this RAM disk equipment 
10 whole. The host address for disk accessing sent from CPUl of a personal computer The address translation processing 
changed into the memory address for accessing a flash EEPROM 11-1 to 11-16, the access-control processing for carrying 
out read/write access of the flash EEPROM 1 1-1 to 11-16, and a flash EEPROM 11-1 to 11-6 - control of the swapping 
processing for equalizing management of each count of data rewriting and the count of data rewriting etc. is performed. 
[0047] Various programs, such as firmware performed by the microprocessor 14 and an operating system performed by 
CPUl of a personal computer, and an application program, are storeid in ROM16. the operating system and the application 
program are managed as a file within R0M16, and these programs are published from CPUl to RAM disk equipment 10 - 
reading appearance is carried out, and reading appearance is carried out from ROM 16 according to a demand, and it is loaded 
to the main memory 3 of a personal computer. 

[0048] The continuous disk address is mapped by R0M16 and the flash EEPROM 11-1 to 11-16, and R0M16 is also used 
for them as some storages of a disk unit 10. For this reason, read-out of the operating system and application program which 
are stored in R0M16 is performed only when the read-out demand from CPUl specifies a certain specific address, and when 
specifying other addresses, read access to a flash EEPROM 11-1 to 11-16 is performed. 

[0049] The external bus interface 17 is an interface based on IDE or a PCMCIA specification, and is connected to the system 
bus 2 of a personal computer. The I/O register group for the communication link with CPUl is prepared in the external bus 
interface 17. The sector number register 171, the sector count register 172, a data register 173, the cylinder register 174, the 
drive / head register 175, the command register 176, the status register 177, etc. are contained in the register group. 
Read/write is possible for these registers respectively by the microprocessor 14 and CPUl of a personal computer. 
[0050] The light of the sector number which specifies an access head location is carried out to the sector number register 171 
by CPUl. The light of the number of sectors for read/write is carried out to the sector count register 172 by CPUl, The lead 
data by which reading appearance is carried out from the light data or the RAM disk equipment 10 supplied from CPUl are 
set to a data register 173. The light of the cylinder number for read/write is carried out to the cylinder register 174 by CPUl. 
The light of the drive number for read/write and the head number is carried out to a drive / head register 175 by CPUl. The 
light of a lead command, a light command, etc. which specify actuation of RAM disk equipment 10 is carried out to a 
command register 176 by CPUl. The various statuses of the RAM disk equipment 10 which should be notified to CPUl are 
set to a status register 177. 

[0051] The buffer memory controller 18 is for carrying out the access control of RAM13, and performs data transfer between 
a system bus 2 and RAM13 etc. There is data transfer between others, RAM13, flash EEPROM 11-1 - 11 -16 [ data transfer / 
between a system bus 2 and RAM13 ] among the data transfer. The latter data transfer is performed by activation of the 
MUBU string instruction by the microprocessor 14. 

[0052] The NAND bus interface 19 is hardware logic which carries out the access control of the flash EEPROM 11-1 to 11- 
16 to the bottom.of control of a microprocessor 14, and delivers and receives the data transfer between flash EEPROMs 11-1 
to 1 1-16, and the various control signals between flash EEPROMs. The I/O register group 20 in which read/write is possible. 
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and the ECC arithmetic circuit 21 are established in this NAND bus interface 19 by the microprocessor 14. The ECC 
arithmetic circuit 21 performs the operation for the operation for ECC generation, and an ECC check. 
[0053] In the I/O register group 20, as shown in drawing 3 The NAND chip number register 201, the NAND data read/write 
register 202. the NAND chip enable control register 203, the NAND command latch enabling control register 204, the 
NAND address latch enabling control register 205, The ECC start control register 206, ECC data JISUTA 209-214 of an 
ECC ready / busy status register 207, and 208 or 6 LWC registers, the 16 NAND chip readies / busy status registers 215-1 to 
215-16, etc. are contained. 

[0054] The NAND chip number register 201 is a register for choosing to which NAND mold flash EEPROM processing is 
performed, and the value which shows the chip number of the NAND mold flash EEPROM for access is set by the processor 

[0055] The NAND data read/write register 202 is a register for performing read/write of the data to a flash EEPROM through 
a data bus, and is used for issuance of the command to a flash EEPROM, issuance of the address, the lead of status data, etc. 
[0056] The NAND chip enable control register 203 is a register for controlling the chip enable terminal CE of a flash 
EEPROM, and the flag which shows generating / un-generating is set by the processor 14. [ of a chip select signal J If a flag 
"1" is set to a bit 0, the NAND bus interface 19 will generate the chip select signal (CS) for activating the chip enable 
terminal CE of the flash EEPROM chosen with the NAND chip number register 201. 

[0057] The NAND command latch enabling control register 204 is a register for controlling the command latch enabling 
terminal CLE of a flash EEPROM, and the flag which specifies whether the command latch rice ruble terminal CLE is 
activated is set by the processor 14. If a flag "1" is set to a bit 0, the command latch enabling terminal CLE of a flash 
EEPROM will be actively set up with the NAND bus interface 19. Thereby, it is notified to a data bus to a flash EEPROM 
that the command was published. 

[0058] The NAND address latch enabling control register 205 is a register for controlling the address latch enabling terminal 
ALE of a flash EEPROM, and the flag which specifies whether the address latch rice ruble terminal ALE is made into the 
bitter taste eve is set by the processor 14. If a flag "1" is set to a bit 0, the address latch enabling terminal ALE of a flash 
EEPROM will be actively set up with the NAND bus interface 19. Thereby, it is notified to a data bus to a flash EEPROM 
that the address was published. 

[0059] The ECC start control register 206 is a register for controlling activation initiation of an ECC operation, and before 
starting the data transfer between RAM13 and a flash EEPROM 11-1 to 11-16, the flag which specifies activation initiation 
of an ECC operation is set by the processor 14. "1" is set to a bit 0 when performing data transfer from a flash EEPROM to 
RAMI 3. In this case, the ECC arithmetic circuit 21 performs an ECC check about the data by which reading appearance is 
carried out from a flash EEPROM. "0" is set to a bit 0 when performing data transfer from RAM13 to a flash EEPROM. In 
this case, the ECC arithmetic circuit 21 generates ECC about the data transmitted from RAM13. 

[0060] An ECC ready / busy status register 207 is status registers which the ECC operation (ECC generation or ECC check) 
by the ECC arithmetic circuit 21 shows whether it is under [ activation ] ♦****♦. The NAND bus interface 19 sets the flag of 
"0" to a bit 0, after setting the flag of 'T to a bit 0 and completing activation of an ECC operation, if it is among ECC 
instruction execution. If a processor 14 investigates the existence of termination of ECC data processing with reference to the 
flag of a register 207 after 256 bytes of data transfer termination between RAM13 and a flash EEPROM 11-1 to 11-16 and 
termination is checked, it will start 256 bytes of next data transfer processing. 

[0061] The data which should be stored in 2 bytes of the head of 8 bytes of redundancy field of a flash EEPROM, for 
example, the LWC (Low Wite Count) data which are the lower bit of the count data of rewriting, are set to the LWC register 
208. In this case, the LWC data conesponding to the block for a light of a flash EEPROM which serves as the destination 
from RAM 13 in advance of that data transfer in the data transfer to a flash EEPROM are set by firmware. In the data transfer 
from a flash EEPROM to RAM 13, LWC data are taken out from the data stream by which reading appearance is carried out 
from a flash EEPROM with the NAND bus interface 19, and it is set. 

[0062] The ECC data registers 209-214 are the register groups for holding 6 bytes of ECC data. At the time of the data 
transfer from RAM13 to a flash EEPROM, 6 bytes of ECC data corresponding to 256 bytes of light data are generated by the 
ECC ariUimetic circuit 21, and the generated ECC data is set to the ECC data registers 209-214. At the time of the data 
transfer from a flash EEPROM to RAM13, the result of the ECC check operation performed by the ECC arithmetic circuit 21 

is set to registers 209-214. It performs, in order that this ECC check operation may perform error detection. In this ECC 

check operation, 6 bytes of ECC data corresponding to 256 bytes of lead data are generated again, and the comparison with 6 
bytes of ECC data by which reading appearance was actually carried out to 6 bytes of that ECC data from the flash EEPROM 
is performed per cutting tool. It will be set to "0" and the bit 0 of the register with which "1 " corresponds if inharmonious if 
in agreement. Therefore, if the error has not occurred, all the values set to the bit 0 of the ECC data registers 209-214 are set 
to '*0." 

[0063] a NAND chip ready / busy status register 215-1 to 215-16 - 16 flash EEPROMs 11-1 to 11-16 ~ it is a register group 
holding each ready/busy status, and the flag which shows whether a corresponding flash EEPROM is a ready state or it is a 
busy condition is set to the bit 0 of each register with the NAND interface 19. If it is a ready state, as for that, a flag "0" will 
be set for a flag "1" by the busy condition. It is judged by the ready/busy signal (R/Bl - R/B16) independentiy inputted from 
a flash EEPROM 11-1 to 11-16, respectively for every chip whether it is a ready state or it is a busy condition. 
[0064] RAM13 of drawin g 1 consists of dynamic RAMs, and a part of the storage region is used as a data buffer 131 holding 
the light data transmitted from CPUl of a personal computer, and the lead data by which reading appearance is carried out 
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from a flash EEPROM 11-1 to 11-16. Moreover, RAM13 is used as a working area of a microprocessor 14, and the count of 
rewriting managed table 134 for managing the address translation table 132 for changing the host address into a memory 
address, the header table 133 which manages the storing location of the block data for 1 block which should be written in a 
flash EEPROM, and the count of rewriting of a flash EEPROM ll-I to 11-16 per block etc. is stored here. 
[0065] Next, with reference to drawing 4 , the memory map in the RAM disk equipment 10 managed by the microprocessor 
14 is explained. 

[0066] The RAM field, the NAND memory data area, the application ROM (APL-ROM) field, and the firmware ROM (FW- 
ROM) field are mapped like a graphic display by the memory address space which a microprocessor 14 manages. 
[0067] A RAM field is the memory address space for accessing RAM13, and the data buffer 131 etc. is assigned here. 
[0068] A NAND memory data area is 256 bytes of address space for accessing a flash EEPROM 11-1 to 11-16. 256 bytes of 
data transfer is performed by the MUBU string instruction of a microprocessor 14 in read/write access of the data to a flash 
EEPROM 1 1-1 to 1 1-16. For this reason, 256 bytes of address space is secured as a NAND memory data area for 256 bytes 
of this data transfer. By using this NAND memory data area, all data transfer between a data buffer 131 and a flash EEPROM 
11-1 to 11-16 can be performed as processing of firmware. 

[0069] next, drawi ng 5 -- referring to - a flash EEPROM 11-1 to 11-16 ~ the utilization gestalt of each block is explained. 
[0070] The block of a flash EEPROM 11 -1 to 11-16 is used not only for storing of user data but for storing of the various 
management information for controlling these flash EEPROMs. The assignment of the user data and management 
information to a flash EEPROM 11-1 to 11-16 is as follows. 

[0071] That is, in the NAND mold flash EEPROM 11-1 of chip number #0, 504 blocks of block 0 - block 503 are used as 
memory block for storing user data in 512 blocks like a graphic display. Moreover, block 504 is used as a MBI 
(MemoryBlock Infomadon) table block which memorizes the management information for managing the address, a count of 
rewriting, etc. of 512 blocks in a chip. Moreover, blocks 505-509 are used as a preliminary block for the alternative, when a 
defect occurs in memory block and a MBI table block. Block 511 is used as a KONFIGU block which memorizes the 
configuration information of RAM disk equipment 10, and block 510 is used as a preliminary block for an alternative of a 
KONFIGU block. 

[0072] Only one KONFIGU block exists by the equipment 10 whole, and the information which shows the number of chips 
of the flash EEPROM carried in RAM disk equipment 10, the MBI table block in each flash EEPROM existence location, 
etc. is managed here. 

[0073] In the NAND mold flash EEPROM 11-2 to 11-16 of chip number #1-#16, like a graphic display, 504 blocks of block 
0 - block 503 are used as memory block for storing user data, and block 504 is used as a MBI (Memory Block Infomation) 
table block which memorizes the management information for managing the address and the count of rewriting of 512 blocks 
in a chip. Moreover, blocks 505-511 are used as a block for an alternative of memory block and a MBI table block. 
[0074] Although the physical block structure of memory block, a MBI table block, an altemative block, and each 
KONHIIGU block is as drawing 2 having explained, the data storage format within these blocks is explained hereafter. 
[0075] The data storage format of memory block for storing user data is shown in drawing 6 . 

[0076] As drawing 2 explained, the NAND mold flash EEPROM used with this RAM disk equipment 10 is a 16M bit chip, 
and each block consists of 16 pages from a page 0 to a page 15. Each page consists of 256 bytes of a data area, and 8 bytes of 
a redundancy field. 

[0077] Generally, disk accessing by the host system is performed per 512 bytes of sector. In this case, the size of 256 bytes of 
user data stored in the data area of each page serves as half [ of the user data size for 1 sector ]. In this RAM disk equipment 
10, only 256 bytes of data area is used for storing of user data, and the redundancy field which is 8 bytes is not used for 
storing of user data. Therefore, 512 bytes of user data are continued and stored in 2 pages followed within a block in this 
RAM disk equipment 10. For this reason, the user data stored in 1 block turn into the data for 8 sector, for example, the data 
from a sector 0 to a sector 7. 

[0078] That is, to 256 bytes in the first half of a sector 0, and a page 1, 256 bytes in the second half of a sector 1 are stored in 
a page 0 in 256 bytes in the first half of a sector 1, and a page 3 at 256 bytes in the second half of a sector 0, and a page 2, and 

user data are stored per 1 / 2 sectors like the following as shown in drawing 5 . 

[0079] pages 0-15 — 8 bytes of each redundancy field is divided into 2 bytes of field, and 6 bytes of field, and ECC is stored 

in 6 bytes of the field. This ECC corresponds to 256 bytes of user data stored in the data area of the same page. 
[0080] Namely, ECC stored in the redundancy field of a page 1 is similarly generated from 256 bytes of user data stored in 
the data area of a page 1 by generating ECC stored in the redundancy field of a page 0 from 256 bytes of user data stored in 
the data area of a page 0. 

[0081 J Thus, in this RAM disk equipment 10, ECC is generated not per 512 bytes of sector unit but per 256 bytes of page, 
and the data stream and ECC for an operation are stored in the same page. For this reason, even if the error of a flash 
EEPROM that a two or more pages defect eel occurs in each same bit position occurs like a graphic display, the defect eel 
contained in the data stream set as the operation object of ECC will be set only to one. Therefore, it becomes possible to 
perform error detection and correction by the easy usual ECC operation, without using the complicated high ECC operation 
expression of data bounce-back capability. 

[0082] Moreover, LWC data are stored in the remaining 2 bytes of the redundancy field of a page 0 as block status 
information of block 0. This LWC data consists of data of the 10 bits of lower bit sections of the count data of rewriting in 
which the count of rewriting of block 0 is shown, for example, the low order of the count data of rewriting of 26-bit width of 
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face. 

[0083] one LWC data is stored for every block - having - block 1 - block 503 LWC data are similarly stored in 2 bytes of 
the head of the redundancy field of each head page as the block status information. 

[0084] Furthermore, BAD sector information and ECC error information are stored in the remaining 2 bytes of the 
redundancy field of a page 1 as sector status information of a sector 0. 

[0085] BAD sector information is status information the sector 0 indicates it to be whether it is a bad sector, the same - the 
three-page page 5 and .... a page 15 - the remaining 2 bytes of each redundancy field - the 1 sector sector 2 and .. a sector 7 - 
- it is alike, respectively and the BAD sector information that it corresponds is stored. These BAD(s) sector information is 
given by CPUl of the personal computer, when the personal computer which is the host system of RAM disk equipment 10 
executes the formatting command for formatting RAM disk equipment 10. 

[0086] ECC error information is status information which shows the existence of ECC error generating to the sector. For this 
ECC error information, a personal computer is WRITE. When the data writing by the LONG command is performed and the 
error of the burst error used as an ECC error etc. occurs, it is given by CPUl of a personal computer. 
[0087] Next, with reference to drawing ,7 , the data storage format of a MBI table block is explained. 

[0088] The MBI table block consists of one block containing 16 pages from a page 0 to a page 15. Each page consists of 256 
bytes of a data area, and 8 bytes of a redundancy field. ECC corresponding to 256 bytes of data stored in the data area of the 
page is stored in 6 bytes of the back of 8 bytes of the redundancy fields. Moreover, 2 bytes of the head of a redundancy field 
are intact. 

[0089] The address translation table, the UWC table, and the swap order table are stored in the data area of a MBI table block 

like a graphic display. 

[0090] The address translation table in a MBI table block holds the address translation information for changing the physical 
block addresses 0-511 of the blocks 0-511 in a chip into the host address to which it is specified with a cylinder number, a 
head number, and a sector number. The host address is stored in order of the physical block address. 

[0091] Here, as a value of the host address in a MBI table block, the host logical address calculated from the cylinder number 
given from a host system, a head number, and not the sector number itself but these cylinder numbers, the head number, and 
the sector number is used. 

[0092] This host logical address is the serial number of the sector at the time of assigning the sector number which continues 
sequentially from "0" to all the sectors (= 8x512x16 seaors) prepared in a flash EEPROM 11-1 to 11-16. Therefore, the bit 
width of face of the host logical address becomes 16 bits. However, there is no address translation information managed by 
the address translation table of this MBI table block per 1 sector, and since it is for performing address translation per 8 
sectors which are the number of sectors contained in 1 block, only 13 bits of high orders in the 16-bit host logical address are 
actually stored on the table. 

[0093] A UWC table holds the UWC (UPPER WRITECOUNT) data which consist of the high-order-bit sections of the count 
data of rewriting in which the count of rewriting of each 512 blocks in a chip is shown. UWC data have 16-bit width of face, 
and if this UWC data and LWC of the above-mentioned 10-bit width of face are doubled, they can count it to rewriting of 64 
million counts at the maximum. The value of UWC data is counted up +one time, whenever a digit riser occurs to 
corresponding LWC data (i.e., whenever 1024 rewritings occur). 

[0094] These address translation tables and a UWC table are stored in the data area of a page 5 to the page 12 of a MBI table 
block like a graphic display. An address translation table and a UWC table are transmitted to RAM13 at the time of 
equipment starting, i.e., the power-on of RAM disk equipment 10, and reside permanently as an address translation table 132 
and count of rewriting managed tables 134, respectively. 

[0095] A swap order table is a table referred to by the microprocessor 14 in the case of the swapping actuation for block 
exchange, and holds the block address which shows the block (swapped block) of the swapping point in order of a priority 
(order with the small value of UWC data). The swap order table is stored in the data area of a page 13 to the page 15 of a 
MBI table block like a graphic display. A swap order table does not reside in RAM13 permanently, but at the time of 
examination of block exchange, i.e., digit riser generating to UWC data from LWC data, it is transmitted to RAM13 and refer 
to it for a microprocessor 14. 

[0096] The configuration of an address translation table and a UWC table is shown in drawing 8 . 

[0097] Like a graphic display, the host address and the storing field of UWC data have the data size of 2 bytes, respectively. 
Here, since the host address is 13 bits as mentioned above, the high order triplet (a bit 15 - bit 13) of 2 bytes of storing field is 
not used. The host address and UWC data are arranged by turns in order of the physical block address. 
[0098J That is, the host address and UWC data are stored in order by 64 blocks (block 0 - block 63) from the head in 256 
bytes of data area of the page 5 in a MBI table block in the sequence of the UWC data corresponding to the UWC data 
corresponding to the host address corresponding to the physical block address 0, and the physical block address 0, the host 
address corresponding to the physical block address 1, and the physical block address 1. 

[0099] Similarly, the host address and UWC data are stored in order by 64 blocks (block 448- block 511) from the head in 
256 bytes of data area of a page 12 in the sequence of the UWC data corresponding to the UWC data corresponding to the 
host address corresponding to the physical block address 448, and the physical block address 448, the host address 
corresponding to the physical block address 449, and the physical block address 449. 
[0100] The configuration of a swap order table is shown in drawing 9 . 

[0101 j The swap order table is divided into the 1st order table conesponding to 256 blocks of the first half from block 0 to 
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block 255, and the 2nd order table corresponding to 256 blocks of the second half from block 256 to block 511. 

[0102] It sets on the 1st order table and the value of the minimum UWC in block 255 is stored in 2 bytes of field (addresses 

800h and 801h) of the head from the block 0. 

[0103] the following 1 byte (address 802h) - a minimum of - the value which shows the total of the block with the value of 
UWC is stored. 

[0104] Furthermore, the value which shows the total of the block with the value of minimum UWC+1 is stored in the 
following 1 byte (address 803h). here - "minimum UWC+1" - to the last - a minimum of - the value which added 1 to 
UWC ~ being shown - ****-- a minimum of - small UWC is not shown in the degree of UWC- A block total with the 
value of minimum UWC+1 may serve as zero. 

[0105] Henceforth, sequential storing of the data in which a block total with the value of minimum UWC+120 is shown is 
carried out from the data in which a block total with the value of minimum UWC+2 is shown at address 804h-87Ah. 
[0106] The data in which the count of rewriting of the MBI table block [ itself ] is shown are stored in address 87Ch-87Fh. 
[0107] The information as an original swap order table is stored in address 880h-97Fh. namely, - as the value which shows 
the block for [ of whenever / of the highest priority / swapped ] to address 880h in block 0 - block 255 - a minimum of - the 
physical block address of a block which has the value of UWC is stored. When two or more blocks which have the value of 
the minimum UWC exist, priority becomes [ a physical block address ] high from the rearmost block at order. Hereafter, the 
block address of the block for a swap is similarly stored in 97Fh(s) in order of a priority from address 881h. 
[0108] Next, the 2nd order table is explained. 

[0109] the 2nd order table — it is and the value of the minimum UWC in block 511 is stored in 2 bytes of field (addresses 
980h and 98 Ih) of the head from the block 256 except for the MBI table block, the alternative block, and the KONHIIGU 
block. That is, since, as for an alternative block etc., the count of rewriting is not advancing at all, the count of rewriting of 
these blocks is disregarded. Moreover, when an alternative occurs actually, suppose the value of the UWC data of the 
alternative block that UWC of a defective block is inherited not the actual count of rewriting of the alternative block but a 
substituting agency that is,. This is for preventing the degradation by frequent occurrence of swapping actuation. If the value 
of the actual UWC data of an alternative block is adopted as it is, the value of the count of rewriting projects, a small block 
will appear suddenly and the swapping actuation which sets the alternative block as the object-ed [ swapping ] will be 
generated repeatedly. 

[01 10) the following 1 byte (address 982h) - a minimum of - the value which shows the total of the block with the value of 
UWC is stored. 

[0111] Furthermore, the value which shows the total of the block with the value of minimum UWC+1 is stored in the 
following 1 byte (address 983h). Henceforth, sequential storing of the data in which a block total with the value of minimum 
UWC+120 is shown is earned out from the data in which a block total with the value of minimum UWC+2 is shown at 
address 984h-9FAh. 

[0112] The information as an original swap order table is stored in address AOO h-AFFh. namely, ~ as the value which shows 
the block for [ of whenever / of the highest priority / swapped ] to address AOOh in block 256 - block 511 - a minimum of - 
the physical block address of a block which has the value of UWC is stored. When two or more blocks which have the value 
of the minimum UWC exist, priority becomes [ a physical block address ] high from the rearmost block at order. Hereafter, 
the block address of the block for a swap is similarly stored in AFFh in order of a priority from address AOlh. 
[01 13] Thus, in the swap order table, the block used as the swapping point is stored in order of the priority. For this reason, it 
becomes possible to specify the swapping point, without a microprocessor 14 performing sorting of UWC data by referring to 
this swap order table. 

[0114] The data storage format of a KONHIIGU block is shown in drawing 10 . 

[0115] The KONHIIGU block consists of one block containing 16 pages from a page 0 to a page 15, Each page consists of 
256 bytes of a data area, and 8 bytes of a redundancy field. ECC corresponding to 256 bytes of data stored in the data area of 
the page is stored in 6 bytes of 8 bytes of redundancy field. Moreover, the remaining 2 bytes of a redundancy field are intact. 
[0116] KONHIIGU information, CIS information, and drive ID information are stored in the data area of a KONHIIGU 
block like a graphic display. 

[0117] KONHIIGU information defines the physical block address which shows the number of chips of the flash EEPROM 

carried in this RAM disk equipment 10, the number of the maximum chips which can be written in simultaneous, and the 

MBI table block in each chip existence location. This KONHIIGU information is refened to by the microprocessor 14 at the 
lime of the power-on of RAM disk equipment 10, and the initialization process according to that KONHIIGU information is 
performed. 

[0118] CIS information is card attribute information notified to a host system, when using RAM disk equipment 10 as a card 
of a PCMCIA specification. The information about physical specifications, such as a class of memory chip, capacity, and 
access time, and the information about the apphcation which shows that this card is a disk unit etc. are defined as this card 
attribute information. This CIS Information is transmitted to RAM13 by the microprocessor 14 at the time of the power-on of 
RAM disk equipment 10. The CIS information transmitted to RAM13 answers the read-out demand of the predetermined 
address from a host system, and is transmitted to a host system. 

[0119] Drive ID information is information which shows the drive configuration of RAM disk equipment 10, and the total 
number of sectors logically assigned to a built-in flash EEPROM. the number of cylinders, the number of heads, the number 
of sectors per one truck, etc. are defined here. This drive ID information answers a drive discernment command from a host 
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system, and is transmitted to a host system by the microprocessor 14. 

[0120] Thus, in this example, ECC corresponding to the data stored in the data area of that page is stored in the redundancy 
field of each page also in the MBI table block and KONHIIGU block which are used not only for memory block for storing 
user data but for management information storing. Therefore, also in these MBI(s) table block and a KONHIIGU block, it 
becomes possible to perform error detection and correction by the easy usual ECC operation, without using the complicated 
high ECC operation expression of data bounce-back capability. 

[0121] Next, with reference to drawing 11 , the configuration of the address translation table 132 prepared in RAM 13 is 

explained. 

[0122] a thing for this address translation table 132 to change the host address specified with a cylinder number, a head 
number, and a sector number into the physical memory address for accessing a flash EEPROM 11-1 to 11-116 — it is — this 
address translation table 132 — a flash EEPROM 11-1 to 11-116 - it is generated based on the address translation 
information on each MBI table block. 

[0123] In this address translation table 132, a 13-bit block sector address is used as the host address. This block sector 
address consists of 13 bits of high orders in the host logical address (16 bits) which shows the serial number of the sector 
calculated from the cylinder number, the head number, and the sector number, as mentioned above. Moreover, a physical 
memory address consists of the 4-bit chip number address and a physics block address in [ of 9 bits ] a chip. The 4-bit chip 
number address specifies one of 16 chips from the flash EEPROM 11-1 of chip number #0 to the flash EEPROM 11-6 of 
chip number #15. The physics block address in [ of 9 bits ] a chip specifies one in 512 blocks of the block 0 in the chip 
specified by the chip number address - block 511. The physical memory address (the chip number address, physics block 
address in a chip) is stored in order of the host address. 

[0124] Next, with reference to drawing 12 , the principle of the address translation actuation using an address translation 
table 132 is explained, 

[0125] First, the cylinder number, head number, and sector number which were specified from the host system are changed 
into the host logical address of 16-bit width of face by the firmware performed by the microprocessor 14. Subsequently, an 
address translation table 132 is searched by making into an index the block sector address which consists of 13 bits of high 
orders of the host logical address of the 16-bit width of face, and the chip number address of the 4-bit width of face 
corresponding to a block sector address and the physical block address of 9-bit width of face are determined. 
[0126] The chip number address is set to the NAND chip number register 201 of the NAND bus interface 19 by firmware for 
a chip select. Moreover, the sector address within a block which consists of the low order triplet of the host logical address of 
16-bit width of face, the even-/recto appointed address of 1-bit width of face, and the column address of 8-bit width of face 
are added to a 9-bit physical block address within NAND BAIINTAFESU 19, and the memory address (A20-A0) of 20-bit 
width of face is generated. This memory address (A20-A0) is set to the NAND data read/write register 202 of the NAND bus 
interface 19 for addressing. Since access of the RAM disk equipment 10 performed by the host system is performed per 
sector in order to carry out read/write of the user data, both of even-/recto appointed addresses (A8) of 1-bit width of face and 
column addresses (A7-A0) of 8-bit width of face are usually oar "0." 

[0127] Next, with reference to drawing 13 , ECC generation / check actuation of the ECC arithmetic circuit 21 of the NAND 
bus interface 19 is explained. 

[0128] First, generation actuation of ECC is explained with reference to drawing 13 (a). 

[0129] Reading appearance of the user data stored in the data buffer 131 of RAM13 at the time of the data writing to the 
NAND mold flash EEPROM 11-1 to 11-16 is carried out by the microprocessor 14 per 256 bytes, and they are transmitted to 
the data register of a flash EEPROM through the NAND bus interface 19. 

[0130] In the NAND bus interface 19, 256 bytes of user data are sent to the ECC arithmetic circuit 21, and the operation for 
generating ECC there is performed. Here, Hamming code etc. is used as ECC, 

[0131] An ECC operation is performed 256 bytes of not only user data but for 258 bytes of data which consist of the 256 
bytes of user data and data which should be stored in the first 2 bytes of a redundancy field actually. 

[0132] For example, in the data writing to the head page of each block, 258 bytes of data which consist of 256 bytes of user 
data and 2 bytes of LWC data are set as the object of an ECC operation. 2 bytes of this LWC data is set to the LWC register 
208 by the microprocessor 14 in advance of 256 bytes of user data transfer. 

[0133] The ECC arithmetic circuit 21 calculates 258 bytes of data which consist of 256 bytes of user data, and 2 bytes of 

LWC data set to the LWC register 208 per predetermined data stream, and carries out sequential generation of 6 bytes of 
Hamming code ECC. These Hamming codes ECC are held temporarily at the ECC data registers 209-214. 
[0134] If generation processing of ECC is completed, the ECC arithmetic circuit 21 will be made to follow 256 bytes of user 
data, and will transmit 2 bytes of LWC data, and 6 bytes of ECC data to the data register of a flash EEPROM. Thereby, the 
data for 1 page which consists of 256 bytes of user data, 2 bytes of LWC data, and 6 bytes of ECC data are set to the data 
register of a flash EEPROM. 

[0135] Next, check actuation of ECC is explained with reference to drawing 13 (b). 

[0136] The data for 1 page by which reading appearance is carried out from a flash EEPROM at the time of data read-out 
from the NAND mold flash EEPROM 11-1 to 11-16 are sent to the NAND bus interface 19. 

[0137] In the NAND bus interface 19, 256 bytes of user data are picked out from the data for 1 page, and it is sent to the data 
buffer 131 of RAM13. Moreover, the data for 1 page is sent to the ECC arithmetic circuit 21. 

1 01 38 1 First, the ECC arithmetic circuit 21 picks out LWC data from the data for 1 page, sets it to the LWC register 208, and 
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performs the ECC check operation for error detection after that. 

[0139] In this ECC check operation, the ECC arithmetic circuit 21 calculates 258 bytes of data which consist of 256 bytes of 
user data, and 2 bytes of LWC data in the same data stream unit as the case of ECC generation processing, and carries out 
sequential generation of 6 bytes of Hamming code ECC. And Hamming code ECC contained in the data for 1 page by which 
reading appearance was carried out from the generated Hamming code ECC and flash EEPROM is compared per cutting 
tool, and the comparison result which shows coincidence/inequality is set to the ECC data registers 209-215. When there is 
no error generating, the data ''O** in which coincidence is shown are altogether set to the ECC data registers 209-215. If the 
content of the ECC data registers 209-215 was referred to by the microprocessor 14 and the error has occurred, the enor 
correction of the data on a data buffer 131 will be performed by the microprocessor 14. 

[0140] Next, in order to make clear the functional assignment of the firmware performed by micro PUSESSA 14 and the 
NAND bus interface 19, the access-control actuation to a flash EEPROM is explained. 

[0141] First, with reference to dnawjng l4 and drawing,15 , processing of firmware required for control of the program cycle 
of a flash EEPROM and actuation of the NAND bus interface 19 are explained. 

[0142] Drawing. 14 is a flow chart explaining the processing of firmware and the actuation of the NAND bus interface 19 in a 
program cycle, and drawing 15 is a timing chart which shows actuation of the flash EEPROM in a program cycle. 
[0143] Here, 256 bytes of user data, 2 bytes of LWC data, and 6 bytes of ECC data are explained to the head page of a certain 
block taking the case of the case where a light is carried out. 

[0144] With reference to one of the NAND chip ready / busy registers 215-1 to 215-16 first corre^nding to the flash 
EEPROM chip for a light in the firmware performed by micro PUROSSE 14, the flash EEPROM chip for [ the ] a light 
checks whether you are the Lady State (waiting) (step All). If it checks that he is the Lady State, firmware will carry out the 
I/O light of the NAND chip number register 201, and will set the chip number corresponding to the flash EEPROM chip for a 
light there (step A12). 

[0145] Subsequently, firmware carries out the I/O light of the NAND chip enable control register 203, and sets CE on- 
command which specifies activating a chip enable input (CE) there (step A13). 

[0146] At this time, the chip select signals CS1-CS16 corresponding to the chip number by which the NAND bus interface 19 
was set to the NAND chip number register 201 activate one (step Bll). This chip select signal is supplied to chip enable 
input CE~ of the chip for a light, and the chip for a light is set as enabling state by this. 

[0147] Next, firmware carries out the I/O light of the NAND command latch enabling control register 204, and sets the CLE 
on-command which specifies activating a command latch enabling (CLE) signal there (step A14). 

[0148] The NAND bus interface 19 answers the set of a CLE on-command, and sets the command latch enable signal CLE to 
an active state, i.e., "H" level, (step B12). 

[0149] Subsequently, firmware canies out the I/O light of the NAND data read/write register 202, and sets a serial data input 
command "80h" there (step A15). The NAND bus interface 19 answers the set of a serial data input command "80h", and sets 
write enable signal WE- to an active state, i.e., "L" level, and transmits a serial data input command "80h" to input/output 
terminal I/O (step B13). 

[0150] Firmware carries out the I/O light of the NAND address latch enabling control register 205, and sets an ALE on- 
command there (step A16). The NAND bus interface 19 answers the set of an ALE on-command, and sets address latch 
enable signal ALE to an active state, i.e., "H" level, (step B14). 

[0151] Subsequently, firmware carries out the I/O light of the NAND data read/write register 202, and sets a memory address 
(column address A7-A0 and page address A20-A8) there (step A17). The NAND bus interface 19 answers the set of the 
address, write enable signal WE- is set to an active state, i.e., "L" level, and the set memory address is transmitted to 
input/output terminal I/O (step B15). 

[0152] Firmware sets to the LWC register 208 the LWC data which read from the block for a light beforehand and were 
counted up +one time before this program cycle activation (step A18). And firmware sets an ECC initiation command to the 
ECC start control register 206 (step A19), and transmits 256 bytes of user data to a flash EEPROM from a data buffer 131 by 
activation of a MUBU string instruction after that (step A20). 

[0153] The NAND bus Interface 19 answers an ECC initiation command, starts the operation for ECC generation, and 
generates 6 bytes of ECC data corresponding to 256 bytes of user data, and LWC data (step B16). And the NAND bus 

interface 19 follows 256 bytes of user data, and starts 2 bytes of LWC data, and 6 bytes of ECC data transfer (step BIT), 
Thereby, 256 bytes of user data, 2 bytes of LWC data, and 6 bytes of ECC data are transmitted as serial input data (DIN) for 
1 page as shown in the data register of the flash EEPROM for a light at drawing 15 . 

[0154] Then, after firmware publishes a CLE on-command, it carries out the I/O light of the NAND data read/write register 
202, and sets a program conunand "lOh" there (step A21). First, the NAND bus interface 19 sets write enable signal WE- as 
an active state, after setting the command latch enable signal CLE as an active state, and it transmits a program command 
"lOh" to input/output terminal I/O (step B18). 

[0155] A transfer of this program command "lOh" carries out automatic activation of page light actuation and the veriOcation 
actuation in the flash EEPROM for a light. 

[0156] In page light actuation, page data transfer for 1 page from a data register to a memory cell array is performed, and 256 
bytes of user data of a data register are written in the data area of the page, and 2 bytes of LWC data of a data register and 6 
bytes of ECC data are written in the redundancy field of the page. During this page write-in actuation period, the ready/busy 
signal from that chip (RDY/BSY) will return from a busy condition to a ready state, if a busy condition is shown and write-in 
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actuation is completed. 

[0157] If completion of write-in actuation is checked according to the content of the NAND chip ready / the busy register 
corresponding to the chip which carried out light access (step All), firmware will carry out the I/O light of the NAND data 
read/write register 202, and will set a status lead command "70h" there (step A23). The NAND bus interface 19 answers the 
set of a status lead command ^'TOh", sets write enable signal WE~ to an active state, i.e., "L** level, and transmits a status lead 
command "70h" to input/output terminal I/O, and sets lead enable signal RE- to an active state, i.e., "L" level, after that (step 
B19), 

[0158] If a status lead command "70h" is transmitted, from a flash EEPROM, reading appearance of the status data in which 
it is shown whether page light actuation was successful will be carried out, and it will be set to the NAND data read/write 
register 202. 

[0159] Firmware checks whether with reference to the status data of the NAND data read/write register 202, page light 
actuation has been successful, and if it has succeeded, it will end light actuation (step A24). When it fails, alternative 
processing with an alternative block etc. is performed. 

[0160] Next, with reference to drawing 16 and drawing 17 , processing of firmware required for control of the read cycle of a 
flash EEPROM and actuation of the NAND bus interface 19 are explained. 

[0161] Drawing 16 is a flow chart explaining the processing of firmware and the actuation of the NAND bus interface 19 in a 

read cycle, and drawing 17 is a timing chart which shows actuation of the flash EEPROM in a read cycle. 

[0162] There are the 1st read cycle which reads data per page, and the 2nd read cycle which reads ** by the data of the 

redundancy field of each page as read cycle of a flash EEPROM 11-1 to 11-16. 

[0163] Here, the 1st read cycle explains the case where the head page of a certain block is read. 

[0164] With reference to one of the NAND chip ready / busy registers 215-1 to 215-16 first corresponding to the flash 

EEPROM chip for a lead in the firmware performed by micro PUROSSE 14, the flash EEPROM chip for [ the ] a lead 

checks whether you are the Lady State (waiting) (step A31). If it checks that he is the Lady State, firmware will carry out the 

I/O light of the NAND chip number register 201, and will set the chip number corresponding to the flash EEPROM chip for a 

lead there (step A32). 

[0165] Subsequently, firmware carries out the I/O light of the NAND chip enable control register 203, and sets CE on- 
command which specifies activating a chip enable input (CE) there (step A33). 

[0166] At this time, the chip select signals CS1-CS16 corresponding to the chip number by which the NAND bus interface 19 
was set to the NAND chip number register 201 activate one (step B31). This chip select signal is supplied to chip enable 
input CE- of the chip for a lead, and the chip for a lead is set as enabling state by this. 

[0167] Next, firmware carries out the I/O light of the NAND command latch enabling control register 204, and sets the CLE 
on-command which specifies activating a command latch enabling (CLE) signal there (step A34). 

[0168] The NAND bus interface 19 answers the set of a CLE on-command, and sets the command latch enable signal CLE to 
an active state, i.e., "H" level, (step B32). 

[0169] Subsequently, firmware carries out the I/O light of the NAND data read/write register 202, and sets a lead command 
"OOh" there (step A35). The NAND bus interface 19 answers the set of a lead command "OOh", and sets write enable signal 
WE- to an active stale, i.e., "L" level, and transmits a lead command "OOh" to input/output terminal I/O (step B33). 
[0170] Firmware carries out the I/O light of the NAND address latch enabling control register 205, and sets an ALE on- 
command there (step A36). The NAND bus interface 19 answers the set of an ALE on-command, and sets address latch 
enable signal ALE to an active state, i.e., "H" level, (step B34). 

[0171] Subsequently, firmware carries out the I/O light of the NAND data read/write register 202, and sets a memory address 
(column address A7-A0 and page address A20-A8) there (step A37). The NAND bus interface 19 answers the set of the 
address, write enable signal WE- is set to an active state, i.e., "L" level, and the set memory address is transmitted to 
input/output terminal I/O (step B35). 

[0172] A transfer of this memory address performs page lead actuation in the flash EEPROM for a lead. In page lead 
actuation, reading appearance of 256 bytes of user data stored in the page specified by the memory address, 2 bytes of LWC 
data, and 6 bytes of ECC data is carried out, and it is transmitted to a data register. During this page lead actuation period, the 
ready/busy signal from that chip (RDY/BS Y) will return from a busy condition to a ready state, if a busy condition is shown 
and page lead actuation is completed. 

[0173] If completion of page lead actuation is checked according to the content of the NAND chip ready / the busy register 
corresponding to the chip which carried out read access (step A38), firmware will set an ECC check initiation command to 
the ECC start control register 206 (step A39), will execute a MUBU string instruction after that, and will start 256 bytes of 
user data transfer from a data buffer 131 to a data buffer 131 (step A40). 

[0174] In this data transfer, reading appearance of 256+8 bytes of data currently held at the data register of a flash EEPROM 
is serially carried out per 1 byte synchronizing with lead enable signal RE- outputted from the NAND bus interface 19. 
[0175] The NAND bus interface 19 performs the check operation for error detection to the data by which reading appearance 
is carried out from a flash EEPROM (step B36), and sets the check result to the ECC data registers 209-214 (step B37). 
[0176] Firmware will investigate whether normal data have been led with reference to the content of the ECC data registers 
209-214, if termination of an ECC check operation is checked (step A41). When it is detected that the error has occurred to 
lead data, firmware performs the error correction of 256 bytes of user data transmitted to the data buffer 131 on a data buffer 
131 using the ECC check result of an operation set to the ECC data registers 209-214. 
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[0177] Thus, in a read cycle, an ECC check is automatically performed with the NAND bus interface 19 at the time of the 
data transfer from a flash EEPROM to a data buffer 131. 

[0178] By the way, each of a flash EEPROM 11-1 to 11-16 has the page increment function. This page increment function is 
a function which starts the page lead of following **-JI automatically, when data read-out for 1 page from a data register is 
completed. For this reason, after serial data read-out of the head page mentioned above is completed, a flash EEPROM will 
be in a busy condition again, and starts the page lead of a 2 **-JI eye. 

[0179] Therefore, about data read-out after the 2nd page, firmware and the NAND bus interface 19 do not need to perform 
the above-mentioned steps A31-A37 and the address cycle of B31-B35, and should just repeat the above-mentioned steps 
A38-A41, and B36 and B37, respectively. 

[0180] Next, the 2nd read cycle explains the actuation in the case of reading only the data of a redundancy field. 

[0181] The being the same difference of most actuation of the firmware and the NAND bus interface 19 required when 

performing this 2nd read cycle is the following two points with the case of the 1st read cycle. 

[0182] (1) In step A35 of drawing 16 , firmware publishes a command "50h" instead of a command "OOh." 

[0183] (2) The sequence of a read cycle is completed by 2 bytes of data read-out from a data register. 

[0184] For this reason, although LWC data can be read only by performing the 2nd read cycle once> in reading ECC data, it is 
necessary to repeat the 2nd read cycle 3 times. 

[0185] In addition, in the 2nd read cycle, it can be determined by the value of the column address set up in an address cycle 
from which location of a data register data are read. 

[0186] Next, with reference to drawing 18 and drawing 19 , processing of firmware required for control of the block erasion 
cycle of a flash EEPROM and actuation of the NAND bus interface 19 are explained. 

[0187] Drawing 18 is a flow chart explaining the processing of firmware and the actuation of the NAND bus interface 19 in a 
block erasion cycle, and drawing 19 is a timing chart which shows actuation of the flash EEPROM in a block erasion cycle. 
[0188] Here, it explains taking the case of the case where a certain 1 -block specific content of storage is eliminated. 
[0189] With reference to one of the NAND chip ready / busy registers 215-1 to 215-16 corresponding to the flash EEPROM 
chip with which the firmware performed by micro PUROSSE 14 includes the block for erasion first, the flash EEPROM chip 
for [ the ] erasion checks whether you are the Lady State (waiting) (step A51). If it checks that he is the Lady State, firmware 
will carry out the I/O light of the NAND chip number register 201, and will set the chip number corresponding to the flash 
EEPROM chip for erasion there (step A52). 

[0190] Subsequently, firmware carries out the I/O light of the NAND chip enable control register 203, and sets CE on- 
command which specifies activating a chip enable input (CE) there (step A53). 

[0191] At this time, the chip select signals CS1-CS16 corresponding to the chip nimiber by which the NAND bus interface 19 
was set to the NAND chip number register 201 activate one (step B51). This chip select signal is supplied to chip enable 
input CE-- of the chip for erasion, and the chip for erasion is set as enabling state by this. 

[0192] Next, firmware carries out the I/O light of the NAND conmiand latch enabling control register 204, and sets the CLE 
on-command which specifies activating a command latch enabling (CLE) signal there (step A54). 

[0193] The NAND bus interface 19 answers the set of a CLE on-connmand, and sets the command latch enable signal CLE to 
an active state, i.e., "H" level, (step B-52). 

[0194] Subsequently, firmware carries out the I/O light of the NAND data read/write register 202, and sets an erasion 
command "60h" there (step A55). The NAND bus interface 19 answers the set of an erasion command "60h", and sets write 
enable signal WE- to an active stale, i.e., "L" level, and transmits an erasion conunand "60h" to input/output terminal I/O 
(step B53). 

[0195] Firmware carries out the I/O light of the NAND address latch enabling control register 205, and sets an ALE on- 
command there (step A56). The NAND bus interface 19 answers the set of an ALE on-command, and sets address latch 
enable signal ALE to an active state, i.e., "H" level, (step B54). 

[0196] Subsequently, firmware carries out the I/O light of the NAND data read/write register 202, and sets a memory address 
(block-address A20-A12) there (step A57). The NAND bus interface 19 answers the set of the address, write enable signal 
WE- is set to an active state, i.e., "L" level, and the set memory address is transmitted to input/output terminal I/O (step 
B55). 

[0197] Then, after firmware publishes a CLE on-command, it carries out the I/O light of the N/\ND data read/write register 
202, and sets an erasion initiation command "DOh" there (step A58). First, the NAND bus interface 19 sets write enable 
signal WE- as an active state, after setting the command latch enable signal CLE as an active state, and it transmits an 
erasion initiation command "DOh" to input/output terminal I/O (step B56). 

[0198] A transfer of this erasion initiation command ''DOh" carries out automatic activation of block erasion actuation and its 
verification actuation in the flash EEPROM for erasion. 

[0199] In block erasion actuation, only the content of storage of the block specified by the block address is eliminated. 
During this block erasion actuation period, the ready/busy signal from that chip (RDY/BSY) will return from a busy 
condition to a ready state, if a busy condition is shown and block erasion actuation is completed. 
[0200] If completion of block erasion actuation is checked according to the content of the NAND chip ready / the busy 
register conesponding to the chip which erased (step A59), firmware will carry out the I/O light of the NAND data read/write 
register 202, and will set a status lead conunand "70h" there (step A60). The NAND bus interface 19 answers the set of a 
status lead command '70h", sets write enable signal WE- to an active state, i.e., '*L" level, and transmits a status lead 
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command "70h" to input/output terminal I/O, and sets lead enable signal RE- to an active state, i.e., ^'L" level, after that (step 
B57). 

[0201] If a status lead command "70h" is transmitted, from a flash EEPROM, reading appearance of the status data in which 
it is shown whether block erasion actuation was successful will be carried out, and it will be set to the NAND data read/write 
register 202. 

[0202] Firmware checks whether with reference to the status data of the NAND data read/write register 202, block erasion 
actuation has been successful, and if it has succeeded, it will end an erasion cycle (step A61). When it fails, alternative ) 
processing with an alternative block etc. is performed. 

[0203] In addition, if steps A54-A57 are repeated and performed and two or more block addresses are set up before issuance 
of a block erasion initiation command "DOh", multi-block actuation which performs two or more blocks erasion one by one 
can also be performed. 

[0204] Next, with reference to the flow chart of d rawin g 20 , the light control action of the RAM disk equipment 10 whole of 
drawing i performed when a light command is published from a host system is explained. This light control action is 
performed by using various kinds of management information tables mentioned above. 

[0205] If a host system sets a light command to the command register 176 of the external bus interface 17, as for the 
firmware performed by the microprocessor 14, the light command will be received first (step A71). Subsequently, firmware 
starts the light data transfer from a host system to a data buffer 131 (step A72). This data transfer is performed through the 
data register 173 of the external bus interface 17. 

[0206] Since access of the RAM disk equipment 10 by the host system is performed per sector, the light data for at least 1 
sector are stored in a data buffer 131. 

[0207] Subsequently, firmware reads in the sector number register 171, the cylinder register 174, and the drive / head register 
175 the host address for disk accessing specified by the host system, i.e., a sector number, a cylinder number, and a head 
number, respectively, and changes it into the address for accessing a flash EEPROM 11-1 to 11-16 (step A73). In this address 
translation processing, as drawing 12 explained, an address translation table 132 is used, the address translation information 
on this address translation table 132 — the time of starting of equipment 10 — setting - a flash EEPROM 1 1-1 to 11-16 — 
respectively - since -- it is built based on the address translation information on the led address translation table. 
[0208] The chip number for light access and the memory address in the chip for light access (A20-A0) are called for as a 
result of address translation processing. 

[0209] Next, firmware progresses to the processing (steps A74-A78) for creating the light data for 1 block to the block (a 
light block being called hereafter) for [ which is specified in 9 bits (A20-A12) of high orders of a memory address (A20- 

AO) ] light access. 

[0210] Here, firmware secures the header table area for a light block on RAMI 3 first (step A74). Next, firmware leads LWC 
data from the head page of a light block (step A75). In lead processing of this LWC data, the 2nd read cycle using the 
command "50h" mentioned above is performed, and reading appearance only of the LWC data is carried out by this from the 
head page of a light block. This LWC data is stored in the empty area or the data buffer 131 of RAM13. 
[0211] Then, firmware investigates whether "involvement elimination" data exist in a light block (step A76). Here, 
"involvement elimination" data mean the data as which rewriting is not demanded by the host system in the data which exist 
in a light block. For this reason, although "involvement elimination" data do not exist when the writing to all the pages within 
a light block is required, when writing is started from intermediate **-JI within a light block, or when there is less data length 
of light data than 1 block (eight sectors), "involvement elimination" data will exist. 

[0212] When "involvement elimination" data exist, firmware leads the page which contains "involvement elimination" data 
from a light block by performing the 1st read cycle which used the command "OOh" (step A77). The page containing this 
"involvement elimination" data is stored in the empty area and the data buffer 131 of RAM13. 

[0213] Subsequently, firmware creates the header table corresponding to the block data for 1 block which should be written 
in a light block based on the RAM address which shows the storing location on the led "involvement elimination" RAM 13 in 
which the RAM address which shows the storing location on RAM13 of data, and the light data from a host system are 
stored. 

[0214] That is, firmware combines data.actually, and does not generate the block data for 1 block, but creates the header table 
133 which aligns in order of the page number and holds the address on "involvement elimination" the address on RAM13 of 
data and the data buffer 131 of light data, and builds imagination block data by this (step A78). 

[0215] Subsequently, firmware updates the value of the LWC data by counting up the value of the LWC data led from the 
light block +one time (step A79). If digit going up (cany) does not occur in the value of LWC data at this time, firmware 
performs light access processing to a light block (steps A80 and A81). 

[0216] In this light access processing, the block erasion cycle explained by drawing J8. to the light block is performed first, 
and all the contents of the light block are eliminated. Subsequently, the program cycle explained by drawing.l4 to all the 
pages of a light block is performed. In this program cycle, firmware sets the updated LWC data to the LWC register 208 of 
the NAND bus interface 19 first, subsequently to the header table 133, reads the data for 1 block from RAM13 per 256 bytes 
in order of the address currently held, and transmits it to a flash EEPROM. Thus, firmware can perform data transfer by using 
the header table 133, without distinguishing light data and "involvement elimination" data. 

[0217] ECC dau are automatically added to 256 bytes each of data transmitted with the NAND bus interface 19, and it is 
written in the page to which the light block of the flash EEPROM for a light corresponds. 
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[0218] On the other hand, when digit going up occurs in the value of LWC data, firmware performs the following 
processings, in order to examine whether swapping actuation is performed. 

[0219] That is, firmware leads a MBI table block from the flash EEPROM for a light by performing the 1st read cycle first 
(step A82). The content of the led MBI table block is stored in the empty area of RAM13. 

[0220] Subsequently, firmware searches the led MBI table block, detects the UWC data corresponding to a light block, 
updates the value of the UWC data, and gets for it blocked and counts it up +one time (step A83). In the MBI table block, as 
drawin g 8 explained, UWC data align in order of a physical block address, and are held. For this reason, firmware can find 
the UWC data corresponding to a light block easily by using as an index the physical block address which shows a light 

block. 

[0221 J llie value of the updated UWC data is reflected in a MBI table block and count of rewriting managed table 134 both 

sides. 

[0222] Then, firmware carries out the sequential comparison of the value of the UWC data of the updated light block with the 
value of the minimum UWC data of the chip for a light, and the value of the minimum UWC data of each of other chip (step 
A84). 

[0223] The value of the minimum UWC data currently held as a value of the minimum UWC data of the chip for a light at 
the swap order table within the MBI table block led from the chip for a light is used. Without this performing processing in 
which sorting of the count of rewriting managed table 134 on RAM13 is carried out to the small order of UWC data, 
although the value of the minimum UWC data of the chip for a light is got to know easily, it can do. 
[0224] Moreover, as a value of the minimum UWC data of each of other chip, the value of the count of rewriting managed 
table 134 on RAM 13 is used. By using the value of this count of rewriting managed table 134, the need of carrying out the 
sequential lead of the MBI table block disappears from each of all other chips other than the chip for a light, and efficient 
swapping examination processing is realized. 

[0225] Subsequently, based on the comparison result of step A84, it investigates whether firmware is more than the threshold 
(alpha) the difference of the value of the UWC data and the minimum UWC data of the chip for a light with which the light 
block was updated was beforehand decided to be (step A85), and with [ the difference ] alpha [ more than ], swapping 
actuation within the chip for a light is performed (step A86). 

[0226] In this swapping actuation in a chip, firmware leads the block for swapping-ed from the chip for a light first, in this 
case, the block for swapping-ed - a minimum of - it is the block with the value of UWC and the physical block address of 
this block is specified by the swapping-ed priority NO.l block number on the swap order table contained in the MBI table 
block led at step A82. Therefore, without performing sorting of UWC data, firmware can determine the block for swapping- 
ed easily, and can recognize the physical block address of the block for [ the ] swapping-ed. 

[0227] Next, firmware is between a light block and the block for swapping-ed, and replaces the host address. In this case, the 
address translation information on MBI table block ****** led fi^m the address translation table 132 and the chip for a light 
on RAM132 is updated. 

[0228] Next, firmware performs light access for writing the content of the swapping-ed block sucked up on RAM13 for 
exchange of the content of storage between the light block in the flash EEPROM for a light, and the block for swapping-ed in 
the light block of the flash EEPROM for a light, and light access for vmting the light data for 1 block on RAM 13 in the 
swapping-ed block of a flash EEPROM. Then, firmware performs light access for writing in the content of the MBI table 
block with which it was updated on RAM13 by the MBI table block in the flash EEPROM for a light for renewal of the MBI 
table block in the flash EEPROM for a light. These three light accesses are performed with the same gestalt as the case where 
step A81 explains, respectively, 

[0229] Next, processing when the difference of the value of the UWC data and the minimum UWC data of the chip for a light 
with which the light block was updated in step A86 is under alpha is explained. 

[0230] In this case, it investigates whether firmware is more than the threshold (alpha+beta) the difference of the value of the 
UWC data with which the light block was updated, and the minimum UWC data of one of other chips was beforehand 
decided to be (step AST), and with [ that difference ] alpha+beta [ more than ], swapping actuation between the chip for a 
light and a chip with the value of that minimum UWC data is performed (step A88). 

[0231] In the swapping actuation covering between this chip, firmware leads a MBI table block on RAM13 from a chip with 
the block for swapping-ed first, and recognizes the swapping-ed priority NO.l block number on the swap order table 
contained in that MBI table block. 

[0232] Subsequently, firmware leads the block for swapping-ed from the chip for swapping-ed using the physical block 
address which swapping-ed priority NO.l block number shows. 

[0233] Next, firmware is between a light block and the block for swapping-ed, and replaces the host address. In this case, 
each address translation information on the address translation table 132 on RAM132, the MBI table block led from the chip 
for a light, and the MBI table block led from the chip for swapping-ed is updated. 

[0234] Next, firmware performs light access for writing the content of the light block in the flash EEPROM for a light, and 
the swapping-ed block sucked up on RAM13 for exchange of the content of storage during the block for swapping-ed of the 
chip for swapping-ed in the light block of the flash EEPROM for a light, and light access for writing the light data for 1 block 
on RAM13 in the swapping-ed block of the flash EEPROM for swapping-ed. Then, firmware performs light access for 
writing in the content of the MBI table block with which it was updated on RAM13 by the MBI table block in the flash 
EEPROM for a light, and light access for writing in the content of the MBI table block with which it was updated on RAMI 3 
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by the MBI table block in the flash EEPROM for swapping-ed, in order to update the MBI table block of each flash 
EEPROM for swapping-ed [ for a light / flash EEPROM ]. These four light accesses are performed with the same gestalt as 
the case where step A81 explains, respectively. 

[0235] Thus, SUWABBINGU actuation is performed between chips within a chip, and, as for the case of the swapping 
between chips, read access actuation and light access actuation are mostly needed from the case of the swapping in a chip by 
a unit of 1 time, respectively. 

[0236] However, in this example, since the threshold (alpha+beta) for determining whether perform swapping or not is set as 
the bigger value than the threshold (alpha) in the case of perfomaing swapping actuation in a chip, it can control the 
occurrence frequency of the swapping between chips compared with the swapping in a chip. Therefore, the degradation by 
frequent occurrence of the swapping actuation between chips can be prevented. 

[0237] When both the differences of the count of replacement are smaller than a predetermined threshold at step A85 and 
* * * * A87, firmware performs light access for writing the MBI table block containing the UWC data updated at step A83 in 
the flash EEPROM for a light (step A89), and, subsequently performs light access processing to a light block. These light 
access is performed with the same gestalt as the case where step A81 explains, respectively. 
[0238] As mentioned above, since light access is immediately performed, without making examination of swapping 
processing when the digit riser of LWC data does not occur, the time amount of the whole which data writing takes rather 
than the case where a digit riser occurs can be shortened. 

[0239] The value of LWC data is counted up every ( 1 / +] from the initial value at every light access, and when it amounts to 
IK limes, a digit riser generates it. For this reason, it is desirable to use not the same value but a discrete value different, 
respectively as initial value of the LWC data written in all blocks included in a flash EEPROM 11-1 to 11-16 at the time of 
disk manufacture and shipment. In this case, since the stage when a digit riser occurs shifts for every block even if light 
access to a contiguous block occurs continuously, the situation of the examination processing and swapping processing of 
swapping resulting from digit going up concentrating, and generating can be prevented. 

[0240] As explained above, in this example, ECC data are generated by the ECC arithmetic circuit 21 for every page, and it is 
written in the same page as the daU stream from which that ECC data was set as the object of an ECC operation. For this 
reason, even if, even if a two or more pages defect eel occurs in each same bit position, the defect eel contained in the data 
stream of a flash EEPROM set as the object of an ECC operation is set only to one. Therefore, without using the complicated 
high ECC operation expression of data bounce-back capability, by the easy usual ECC operation, it becomes possible to 
perform error detection and correction, and the RAM disk equipment 10 in which rapid access is possible is realized highly 
[ storage dependability ]. 

[0241] Moreover, LWC data are stored in the redundancy field of the head page of each block as count information of 
rewriting corresponding to the block, and the value of the LWC data is updated in the case of the data writing to the block for 
a light. The updated LWC data is added to the light data which should be written in a head page, and is transmitted to the data 
register 112 of a flash EEPROM. Thus, since LWC data are managed within each block, only by light access to the same 
block, renewal of data writing and LWC data can be performed, and improvement in the light access engine performance can 
be aimed at as a result. 
[0242] 

[Effect of the Invention] As explained above, according to this invention, it becomes possible by managing ECC and the 
count information of rewriting using the redundancy field of each page of a flash EEPROM to realize high life-ization of the 
dependability of enough stored data, and a flash EEPROM. 
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TECHNICAL FIELD 



[Industrial Application] Especially this invention builds in the flash EEPROM which has two or more page fields where each 
includes a data storage area and a redundancy field about RAM disk equipment, and relates to the RAM disk equipment 
which accesses said flash EEPROM according to the disk-accessing demand from host equipment. 
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PRIOR ART 



[Description of the Prior ArtJ Many of information processors, such as the conventional workstation and a personal 
computer, used the magnetic disk drive as secondary storage. While a magnetic disk drive has an advantage, like a bit unit 
price with the high dependability of record is cheap, it has a fault, such as being weak, in a physical impact with the great size 
of equipment. 

[0003] Then, attentions have gathered for RAM disk equipment strong also against an impact with it in recent years. [ the 
small size of equipment, and ] [ physical ] The flash EEPROM whose RAM disk equipment is the semiconductor memory of 
the non-volatile in which package elimination is possible electrically is used as secondary storage, such as a personal 
computer, like the conventional magnetic disk drive etc. Since a part for mechanical moving part like the magnetic head of a 
magnetic disk drive or a revolution disk is not included in this RAM disk equipment, it is hard to generate malfunction and 
failure by the physical impact. Moreover, there is an advantage, like the size as equipment also becomes small. 
[0004] By the way, in RAM disk equipment, the ECC calculation function is prepared, and ECC corresponding to the content 
of data is usually generated and added to the data written in a flash EEPROM. By using this ECC calculation function, the 
dependability of the data written in a flash EEPROM can be raised. 

[0005] In the former which shows the typical data storage format adopted with conventional RAM disk equipment with an 
ECC calculation function function to drawing 21 , ECC is generated for every sector which is a disk-accessing unit by host 
equipment. For this reason, ECC is stored in the location which follows that sector data, when sector data with the size of 512 
bytes are continued and stored in 2 pages of a flash EEPROM as shown in drawing 21 . Although determined by the physical 
size of a Hash EEPROM, when in what page of a flash EEPROM sector data are continued and stored uses the 16M bit flash 
EEPROM with the largest size by which current development is carried out, 512 bytes of sector data will be continued and 
stored in 2 pages of a flash EEPROM 1 like a graphic display. 

[0006] In this case, the sector data covering those 2 pages calculate, and ECC is generated. This generated ECC follows 
sector data and is stored in the 2nd page. 

[0007] However, in the conventional RAM disk equipment which used such a data storage format, consideration of the 
following error generating propeities which a flash EEPROM has produces the nonconformity of the dependability of data 
storage falling. 

[0008J That is, in the semiconductor memory which makes a flash EEPROM the start, the enor mode in which a defect 
occurs simultaneously exists in two or more memory cells connected not only to a certain specific memory cell but to the 
same bit line. This error mode is caused by the defect of a bit line, and the poor contact between a bit line and a cel. 
[0009] When such error mode occurs, a defect eel is generated in the same bit position of each two or more pages of a flash 
EEPROM as shown in drawing 21 . In this case, in conventional RAM disk equipment, a two-place error will be generated 
like a graphic display at the data stream set as the object of an ECC operation. 

[0010] Although detection and correction of the error can generally be easily performed by the error detection and correction 
using ECC when an error is one place, about two or more errors, the detection and correction become difficult. In order to 
correspond to such an error, the complicated high ECC operation expression of data bounce-back capability is needed. 
[0011] However, if ECC operation expression is complicated, while the configuration of RAM disk equipment will be 
complicated, in order for generation of ECC at the time of the data light and the ECC check operation at the time of a data 
lead to take much time amount, the fault that the access rate of RAM disk equipment falls is caused. 
[0012] Moreover, with conventional RAM disk equipment, all not only of generation of ECC and an ECC check operation 
but the error detection based on the result of an operation and error correction processing were performed by hardware. For 
this reason, there was a problem that the gate number for realizing that hardware increased, or a read/write rate fell as a result 
by complication of hardware. 

[0013] Furthermore, with conventional RAM disk equipment, package management of the count of rewriting of each block 
of a flash EEPROM is carried out by the count information of rewriting stored in the specific block of the flash EEPROM. 
For this reason, in case data arc written in a flash EEPROM, two light accesses with light access for updating light access for 
data writing and the count information of rewriting are needed. Therefore, while the time amount which data writing takes 
became long, the count of light access to the block which has memorized the count information of rewriting projected and 
increased compared with other blocks, and there was a problem to which the life of a flash EEPROM becomes short by this. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] As explained above, according to this invention, it becomes possible by managing ECC and the 
count information of rewriting using the redundancy field of each page of a flash EEPROM to realize high life-ization of the 
dependability of enough stored data, and a flash EEPROM. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] With conventional RAM disk equipment, the physical structure of a flash 
EEPROM was not fully taken into consideration. For this reason, even if it prepared the ECC calculation function, sufficient 
storage dependability was not able to be acquired. Moreover, since the count information of rewriting was concentrated and 
stored in the specific block, only the count of rewriting of the block increased and there was a fault to which the life of a flash 
EEPROM becomes short by this. 

[0015] This invention was made in view of such a point, uses the redundancy field of each page of a flash EEPROM 
effectively, and enables it to manage ECC and the count information of rewriting, and it aims at offering the RAM disk 
equipment which can realize high life-ization of the dependability of enough stored data, and a flash EEPROM. 
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OPERATION 



[Means for Solving the Problem and its Function] The memory cell array in which invention concerning claim 1 has two or 
more pages in which each includies a data storage area and a redundancy Held, Have a data register holding the data for 1 
page, and the flash EEPROM by which data transfer between a data register and a memory ceil array is performed per page is 
built in. In the RAM disk equipment which accesses said flash EEPROM according to the disk-accessing demand from host 
equipment The data buffer which stores the lead data by which reading appearance was carried out from the light data 
transmitted from said host equipment, and said flash EEPROM, A light demand is answered from said host equipment, and 
the light access means which carries out light access of said flash EEPROM is provided. This light access means The light 
data stored in said data buffer are calculated in the data stream unit equivalent to the size of the data storage area of each of 
said page. So that it may be written in the data storage area and redundancy field an error correcting code generation means 
to generate an enor correcting code for every data stream, and whose error correcting code corresponding to said data stream 
and it are the same pages It is characterized by including a means to add the error correcting code corresponding to it for 
every data stream, and to transmit to the data register of said flash EEPROM. 

[0017] In this RAM disk equipment, an error correcting code is generated for every page of a flash EEPROM, and it is 
written in the redundancy field that error correcting code of whose is each page. For this reason, even if, even if a two or 
more pages defect eel occurs in each same bit position, the defect eel contained in the data stream of a flash EEPROM set as 
the operation object of an error correcting code is set only to one. Therefore, without using the complicated high ECC 
operation expression of data bounce-back capability, by the easy usual ECC operation, it becomes possible to perform error 
detection and correction, and the RAM disk equipment in which rapid access is possible is realized highly [ storage 
dependability ]. 

[0018] Moreover, in invention concerning claim 3 and claim 4, it is characterized by writing not only an error correcting code 
but the bad sector information specified from host equipment and error information in a redundancy field, respectively. 
[0019] By this, since it becomes unnecessary to carry out the centralized control of bad sector information or the error 
information, it becomes unnecessary to prepare the exclusive field for storing these information, and the data storage area of 
a flash EEPROM can be used effectively for storing of user data. 

[0020] Moreover, invention concerning claim 5 is characterized by being constituted so that ROM in which the program 
performed by said host equipment was stored may be provided in addition to the configuration of claim 1, the lead demand of 
the predetermined address from said host equipment may be answered and a program may be transmitted to said host 
equipment from said ROM. 

[0021] In this RAM disk equipment, ROM in which the program of an application program, an operating system, etc. other 
than a flash EEPROM was stored is prepared, and when the lead demand of a predetermined address is published from host 
equipment, reading appearance of the program of this ROM is carried out. Since rewriting does not generate programs, such 
as an application program, the data storage area of an expensive flash EEPROM can be used effectively for storing of user 
data by storing the program in comparatively cheap ROM. 

[0022] Moreover, the memory cell array in which invention concerning claim 6 has two or more pages in which each 
includes a data storage area and a redundancy field. Have a data register holding the data for 1 page, and the flash EEPROM 

by which data transfer between a data register and a memory cell array is performed per page is buiit in. In the RAM disk 
equipment which accesses said flash EEPROM according to the disk>accessing demand from host equipment A 
microprocessor and the data buffer which stores the lead data by which reading appearance was carried out from the light 
data transmitted from said host equipment, and said flash EEPROM, The flash memory interface circuitry which is controlled 
by said microprocessor and carries out read/write access of said flash EEPROM, The I/O register group in which read/write is 
possible is provided by said microprocessor. Said flash memory interface circuitry The light data by which reading 
appearance is carried out in the data stream unit which is equivalent to the size of the data storage area of each of said page 
from said data buffer with said microprocessor are calculated. So that it may be written in the error correcting code 
generaUon circuit which generates an error correcting code for every data stream, and the data storage area and redundancy 
field whose error correcting code corresponding to said data stream and it is the same page The light data transfer circuit 
which adds the error correcting code corresponding to it for every data stream, and is transmitted to the data register of said 
flash EEPROM, The lead data transfer circuit which takes out the data stream stored in said data storage area from the lead 
data by which reading appearance is carried out from the data register of said flash EEPROM, and is transmitted to said data 
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buffer, Error detection of said lead data is performed using the error correcting code contained in said lead data. Said 
microprocessor is characterized by performing the error conection of the lead data transmitted to said data buffer according 
to the result of an operation set to said I/O register including the error correcting code checking circuit which sets the 
detection result to said I/O register. 

[0023] The error correction of lead data is performed in this RAM disk equipment by the firmware which the check for 
generation of an error conecting code and error detection is performed by the hardware logic of a flash memory interface 
circuitry, and is performed by the microprocessor. Therefore, a load distribution is efficiently made by firmware and 
hardware and the conHguration of hardware can be simplified rather than the case where all of the ECC check operation for 
generation of ECC and error detection and an error correction are performed by hardware. 

[0024] Moreover, invention concerning claim 7 includes two or more blocks which have two or more pages in which each 
includes a data storage area and a redundancy field, respectively. The memory cell array by which the count information of 
rewriting which shows the count of rewriting of the block is stored in the redundancy field of the predetermined page of each 
block. Have a data register holding the data for 1 page, and data transfer between a data register and a memory cell array is 
performed per page. Elimination actuation builds in the flash EEPROM performed per block. It is RAM disk equipment 
which accesses said flash EEPROM according to the disk-accessing demand from host equipment. The data buffer which 
stores the lead data by which reading appearance was carried out from the light data transmitted from said host equipment, 
and said flash EEPROM, A light demand is answered from said host equipment, and the light access means which carries out 
light access of said flash EEPROM is provided. This light access means A means to read the count information of rewriting 
from said predetermined page within the block for a light specified by said light demand, and to update the value of the count 
information of rewriting, Add said updated count information of rewriting to the light data which should be written in said 
predetermined page, and page data are generated. It is characterized by providing a means to transmit said page data to the 
data register of said flash EEPROM so that it may be stored in the data storage area and redundancy field said light data and 
said whose updated count information of rewriting are said predetermined pages. 

[0025] In this RAM disk equipment, the count information of rewriting corresponding to that block is stored in the 
redundancy field of the predetermined page of each block, and the value of the count information of rewriting on that block 
for a light is updated in die case of the data writing to the block for a light. The updated count information of rewriting is 
added to the light data which should be written in a predeteimined page, and is transmitted to the data register of a flash 
EEPROM. Since the count information of rewriting is managed within each block, it becomes unnecessary thus, to carry out 
the centralized control of the count information of rewriting in a specific field. For this reason, generating of the problem that 
the count of rewriting of a specific region projects and increases by light access for updating the count information of 
rewriting can be prevented. Moreover, only by light access to the same block, renewal of data writing and the count 
information of rewriting can carry out, and improvement in the light access engine performance can be aimed at as a result. 
[0026] Moreover, invention concerning claim 8 includes two or more blocks which have two or more pages in which each 
includes a data storage area and a redundancy field, respectively. The memory cell array by which the count information of 
rewriting which shows the count of rewriting of the block is stored in the redundancy field of the predetermined page of each 
block. Have a data register holding the data for 1 page, and a command is answered from the outside. The elimination 
actuation which eliminates the content of storage per block, the light actuation which writes data in a memory cell array per 
page. And the flash EEPROM which performs lead actuation which reads data from a memory cell array in a page unit is 
built in. In the RAM disk equipment which accesses said flash EEPROM according to the disk-accessing demand from host 
equipment The data buffer which stores the lead data by which reading appearance was carried out from the light data 
transmitted from said host equipment, and said flash EEPROM, A light demand is answered from said host equipment, and 
the light access means which carries out light access of said flash EEPROM is provided. This light access means Publish a 
lead command and said flash EEPROM is set as a lead mode of operation. A means to read the count information of 
rewriting from said predetermined page within the block for a light specified by said light demand, and to update the value of 
the count information of rewriting. When the page of the outside for light access exists in the block for a li^t. The data 
stored in the page of the outside for [ the ] light access are read on said data buffer. The storing location on the data buffer of 
each data which constitutes the block data for 1 block which should be written in the block for [ said ] a light based on the 
address on the data buffer of the read data, and the address of the light data stored in said data buffer A means to generate the 
header table holding the shown address information, and a means to publish an erasion command, to set said flash EEPROM 
as an elimination mode of operation, and to eliminate the content of storage of said block for a light. With reference to the 
address information of said header table, the light data which should be written in said predetermined page are read from said 
data buffer. So that said updated count information of rewriting may be added to the light data, page data may be generated 
and it may be stored in the data storage area and redundancy field said light data and said whose updated count information 
of rewriting are said predetermined pages A means to transmit said page data to the data register of said flash EEPROM, 
With reference to the address information of said header table, the light data which should be written in in addition to said 
predetermined page are read from said data buffer one by one, and it is characterized by including a means to transmit it to 
the data register of said flash EEPROM. 

[0027] In this RAM disk equipment, when the page of the outside for light access exists within the block for a light, reading 
appearance of the so-called involvement elimination data stored in the page of the outside for light access is carried out, and a 
header table is generated based on the address of each of that involvement elimination data and light data from a host. If a 
header table is generated, after the content of storage of the block for a light is eliminated, according to the address 
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information of a header table, block data will be transmitted to a data register in a page unit from a data buffer, and write-in 
actuation will be performed within a flash EEPROM. In this data transfer, the count information of rewriting is added and 
transmitted about the data which should be written in a predetermined page. For this reason, like the RAM disk equipment of 
claim 7, only by light access to the same block, renewal of data writing and the count information of rewriting can carry out, 
and improvement in the light access engine performance can be aimed at as a result. Moreover, data transfer processing to a 
flash EEPROM from a data buffer can be performed, without distinguishing involvement elimination data and light data by 
referring to this header table, since the header table holding the address information which shows the storing location of the 
block data for 1 block is generated. 

[0028] Moreover, in addition to the configuration of claim 8, it is the configuration of having had error correcting code 
generation and the calculation function of claim 1, and, as for invention of claim 9, an error correcting code is stored in the 
redundancy field to which the count information of rewriting and an error correcting code are stored, and are each of other 
page in the redundancy field of the predetermined page of each block. In this RAM disk equipment, it becomes possible to 
use a redundancy field for validity more. 

[0029] Moreover, invention of claim 10 carries out another **** management of the count information of rewriting on each 
block in the configuration of claim 7 at the high-order-bit section and lower bit section. It is the configuration of 
concentrating and storing the 1st count data of rewriting which consists of the high-order-bit sections in a predetermined 
block, and distributing and storing in the redundancy field of a predetermined page the 2nd count data of rewriting which 
consists of the lower bit sections for every block. 

[0030] In this RAM disk equipment, since only the low order bit data of the count information of rewriting are stored in a 
redundancy field, the activity field of a redundancy field can be reduced. Moreover, whenever rewriting occurs, it is 
necessary to update low order bit data but, and since this updating is performed by light access for the data writing to the 
block for rewriting, and coincidence, it does not need to perform separately light access for data writing, and light access for 
renewal of the count information of rewriting like the RAM disk equipment of claim 7, Moreover, the count of rewriting of 
all blocks can be managed only by data read-out from one block, without reading the count information of rewriting 
sequentially from all blocks, since the data of the high-order-bit section of the count information of rewriting are 
concentrated and stored in the predetermined block. 

[0031] Moreover, invention of claim 11 establishes the swapping means for equalizing the count of rewriting to the count 
management tool of rewriting of claim 10. In this RAM disk equipment, when a digit riser occurs to the data of the lower bit 
section of the count information of rewriting, it is examined whether the block exchange for leveling is performed. When the 
block with which the difference of the count of rewriting with the block for a light reaches beyond a predetermined value 
exists, the block is determined as a swapping point block, and the address and the content of storage are mutually replaced 
between the block and the block for a light. Thus, since it is examined whether the block exchange for leveling is performed 
on condition that the digit riser of the lower bit section data of the count information of rewriting, it becomes uimecessary to 
monitor the count of rewriting of each block continuously, and management of the count of rewriting becomes easy. 
[0032] Moreover, invention of claim 12 stores a respectively discrete value for every block as initial value of the 2nd count 
data of rewriting in the time of disk manufacture and shipment etc. It can prevent the examination processing and swapping 
processing of swapping resulting from digit going up concentrating, and generating by this, even if rewriting to two or more 
blocks occurs continuously, since the stage when a digit riser occurs shifts for every block. 

[0033] Moreover, in addition to the 1st count data of rewriting, the swapping table is stored in the predetermined block of 
FUSSHU EEPROM in invention of claim 13. The priority information which shows the priority of a swapping point block in 
this swapping table according to the value of the 1st count data of rewriting is held. Therefore, it becomes possible to specify 
a swapping point block easily, without carrying out sorting of the 1st count data of rewriting. 
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EXAMPLE 



[Example] Hereafter, the example of this invention is explained with reference to a drawing. 

[0035] The configuration of the RAM disk equipment concerning one example of this invention is shown in drawing 1 . This 
RAM disk equipment 10 is used as an alternative of a hard disk drive unit, connecting with host systems, such as a personal 
computer, emulates the disk- accessing demand from a host system (driver for a file system and magnetic disk drives) to the 
access request to a flash EEPROM, and accesses the flash EEPROM of RAM disk equipment 10 built-in. To this RAM disk 
equipment 10, it is possible to carry a maximum of 16 flash EEPROM chips. These flash EEPROMs are mounted in the 
circuit base of RAM disk equipment 10 free [ attachment and detachment ] through an IC socket, respectively. In drawing 1 , 
the condition that 16 NAND mold flash EEPROMs 11-1 to 11-16 are carried is shown. A controller 12 and RAM13 are 
further formed in RAM disk equipment 10. 

[0036] A flash EEPROM ll-ltoll-16is used as a record medium of this RAM disk equipment 10, and is equivalent to the 
magnetic-recording medium of a hard disk drive unit. These flash EEPROMs 11-1 to 11-16 are connected to the controller 12 
through the NAND memory bus 14. The various control signal lines connected to the data bus of 8-bit width efface and the 
control signal terminal of each flash EEPROM are defined as the NAND memory bus 14. Common connection of an I/O data 
bus and the various control signal lines is made at data input/output terminal I/O of a flash EEPROM 11-1 to 11-16, and the 
control signal input terminal CONT (the command latch enabling terminal CLE, the address latch enabling terminal ALE, the 
write enable terminal WE, the lead enabling terminal RE, etc. are included), respectively. 

[0037] Furthermore, between the flash EEPROM 11-1 to 11-6, and the controller 12, the chip select signal (CS1-CS8) line 
and the Ready/Busy signal line (R/Bl - R/B16) are independently arranged for every chip, respectively. 

[0038] These flash EEPROMs 11-1 to 11-6 are the 16M bit NAND molds EEPROM, respectively, and they are equipped 
with the memory cell array 111 and the data register 112 as shown in drawing 2 . The memory cell array 111 has a 8K line 
x264 train x8 bit bit pattern, and has 512 blocks. Data elimination can be performed in this block unit. Each block consists of 
16 pages (line), and each page is equipped with 256 bytes of data storage area, and 8 bytes of redundancy field. Writing and 
read-out of dau are performed per page through 256+8 bytes of data register 112. The redundancy field of each page is used 
for storing of ECC or the count data of rewriting in this RAM disk equipment. 

[0039] The flash EEPROM 11-1 to 11-6 has modes of operation, such as a write mode, a Read mode, and washout mode, 
respectively, and these modes of operation are specified by the command from a controller 12. 

[0040] In a Read mode, automatic activation of the data transfer (page lead) of the page unit from the memory cell anay 111 
to a data register 112 is carried out inside a flash EEPROM. a Ready/Busy signal line is set as a Busy condition during this 
data transfer period ~ having ~ this ~ a page lead ~ a working thing is notified to a controller 12. Reading appearance of the 
data for 1 page transmitted to the data register 112 is serially carried out by 8 bitwises from input/output terminal I/OO - 1/07. 
Termination of the serial lead of the data for 1 page performs the page lead of the following page automatically. 
[0041] In a write mode, automatic activation of the data transfer (page light) of the page unit from the data register 112 to the 
memory cell array 111 is carried out inside a flash EEPROM. a Ready /Busy signal line is set as a Busy condition during this 
data transfer period - having - this ~ a page light ~ a working thing is notified to a controller 12. 

[0042] In washout mode, package elimination of the content of storage of a block of the arbitration specified by the command 
from a controller is carried out. 

[0043] In RAM disk equipment 10, most processings for control of these flash EEPROMs 11-1 to 11-6 are controlled by 
firmware. The ECC check in the case of the ECC generation in the case of the data writing to a flash EEPROM and data 
read-out from a flash EEPROM is performed by hardware. 

[0044] Next, the configuration of the disk controller 12 of RAM disk equipment 10 is explained. 
[0045] The disk controller 12 is realized by one LSI, and acctmiulation formation of a microprocessor (MPU) 14, the 
processor bus interface 15, ROM16, the external bus interface 17, the buffer memory controller 18, and the NAND bus 
interface 19 is carried out at the LSI chip as shown in drawing 1 . 

[0046] A microprocessor 14 is what performs firmware stored in R0M16 and controls actuation of this RAM disk equipment 
10 whole. The host address for disk accessing sent from CPUl of a personal computer The address translation processing 
changed into the memory address for accessing a flash EEPROM 11-1 to 11-16, the access-control processing for carrying 
out read/write access of the flash EEPROM 11-1 to 11-16, and a flash EEPROM 11-1 to 11-6 - control of the swapping 
processing for equalizing management of each count of data rewriting and the count of data rewriting etc. is performed. 
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[0047] Various programs, such as firmware performed by the microprocessor 14 and an operating system performed by 
CPUl of a personal computer, and an application program, are stored in R0M16. the operating system and the application 
program are managed as a file within R0M16, and these programs are published from CPUl to RAM disk equipment 10 - 
reading appearance is carried out, and reading appearance is carried out from ROM 16 according to a demand, and it is loaded 
to the main memory 3 of a personal computer. 

[0048] The continuous disk address is mapped by ROM16 and the flash EEPROM 11-1 to 11-16, and ROM16 is also used 
for them as some storages of a disk unit 10. For this reason, read-out of the operating system and application program which 
are stored in R0M16 is performed only when the read-out demand from CPUl specifies a certain specific address, and when 
specifying other addresses, read access to a flash EEPROM 11-1 to 11-16 is performed. 

[0049] The external bus interface 17 is an interface based on IDE or a PCMCIA specification, and is connected to the system 
bus 2 of a personal computer. The I/O register group for the communication link with CPUl is prepared in the external bus 
interface 17. The sector number register 171, the sector count register 172, a data register 173, the cylinder register 174, the 
drive / head register 175, the command register 176, the status register 177, etc. are contained in the register group. 
Read/write is possible for these registers respectively by the microprocessor 14 and CPUl of a personal computer. 
[0050] The light of the sector number which specifies an access head location is carried out to the sector number register 171 
by CPUl. The light of the number of sectors for read/write is carried out to the sector count register 172 by CPUl. The lead 
data by which reading appearance is carried out from the light data or the RAM disk equipment 10 supplied from CPUl are 
set to a data register 173. The light of the cylinder number for read/write is carried out to the cylinder register 174 by CPUl. 
The light of the drive number for read/write and the head number is carried out to a drive / head register 175 by CPUl. The 
light of a lead command, a light command, etc. which specify actuation of RAM disk equipment 10 is carried out to a 
command register 176 by CPUl. The various statuses of the RAM disk equipment 10 which should be notified to CPUl are 
set to a status register 177. 

[0051] The buffer memory controller 18 is for carrying out the access control of RAM13, and performs data transfer between 
a system bus 2 and RAM13 etc. There is data transfer between others, RAM13, flash EEPROM 11-1 - 11 -16 [ data transfer/ 
between a system bus 2 and RAM 13 ] among the data transfer. The latter data transfer is performed by activation of the 
MUBU string instruction by the microprocessor 14. 

[0052] The NAND bus interface 19 is hardware logic which carries out the access control of the flash EEPROM 11-1 to 11- 
16 to the bottom of control of a microprocessor 14, and delivers and receives the data transfer between flash EEPROMs 11-1 
to 11-16, and the various control signals between flash EEPROMs. The I/O register group 20 in which read/write is possible, 
and the ECC arithmetic circuit 21 are established in this NAND bus interface 19 by the microprocessor 14. The ECC 
arithmetic circuit 21 performs the operation for the operation for ECC generation, and an ECC check. 
[0053 J In the I/O register group 20, as shown in drawing 3 The NAND chip number register 201, the NAND data read/write 
register 202, the NAND chip enable control register 203, the NAND command latch enabling control register 204, the 
NAND address latch enabling control register 205, The ECC start control register 206, ECC data JISUTA 209-214 of an 
ECC ready / busy status register 207, and 208 or 6 LWC registers, the 16 NAND chip readies / busy status registers 215-1 to 
215-16, etc. are contained. 

[0054] The NAND chip number register 201 is a register for choosing to which NAND mold flash EEPROM processing is 
performed, and the value which shows the chip number of the NAND mold flash EEPROM for access is set by the processor 

[0055] The NAND data read/write register 202 is a register for performing read/write of the data to a flash EEPROM through 
a data bus, and is used for issuance of the command to a flash EEPROM, issuance of the address, the lead of status data, etc. 
[0056] The NAND chip enable control register 203 is a register for controlling the chip enable terminal CE of a flash 
EEPROM, and the flag which shows generating / un-generating is set by the processor 14. [ of a chip select signal ] If a flag 
"1" is set to a bit 0, the NAND bus interface 19 will generate the chip select signal (CS) for activating the chip enable 
terminal CE of the flash EEPROM chosen with the NAND chip number register 201. 

[0057] The NAND command latch enabling control register 204 is a register for controlling the command latch enabling 
terminal CLE of a flash EEPROM, and the flag which specifies whether the command latch rice ruble terminal CLE is 

activated is set by the processor 14. If a flag "1" is set to a bit 0, the command latch enabling terminal CLE of a flash 
EEPROM will be actively set up with the NAND bus interface 19. Thereby, it is notified to a data bus to a flash EEPROM 
that the command was published. 

[0058] The NAND address latch enabling control register 205 is a register for controlling the address latch enabling terminal 
ALE of a flash EEPROM, and the flag which specifies whether the address latch rice ruble terminal ALE is made into the 
bitter taste eve is set by the processor 14. If a flag T' is set to a bit 0, the address latch enabling terminal ALE of a flash 
EEPROM will be actively set up with the NAND bus interface 19. Thereby, it is notified to a data bus to a flash EEPROM 
that the address was published. 

[0059] The ECC start control register 206 is a register for controlling activation initiation of an ECC operation, and before 
starting the data transfer between RAM13 and a flash EEPROM 11-1 to 11-16, the flag which specifies activation initiation 
of an ECC operation is set by the processor 14. "1" is set to a bit 0 when performing data transfer from a flash EEPROM to 
RAM13. In this case, the ECC arithmetic circuit 21 performs an ECC check about the data by which reading appearance is 
carried out from a flash EEPROM. "0^ is set to a bit 0 when perfoiming data transfer from RAM13 to a flash EEPROM. In 
this case, the ECC arithmetic circuit 21 generates ECC about the data transmitted from RAM13. 
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[0060] An ECC ready / busy status register 207 is status registers which the ECC operation (ECC generation or ECC check) 
by the ECC arithmetic circuit 21 shows whether it is under [ activation ] The NAND bus interface 19 sets the flag of 

"0" to a bit 0, after setting the flag of "1" to a bit 0 and completing activation of an ECC operation, if it is among ECC 
instruction execution. If a processor 14 investigates the existence of termination of ECC data processing with reference to the 
flag of a register 207 after 256 bytes of data transfer termination between RAM13 and a flash EEPROM 11-1 to 11-16 and 
termination is checked, it will start 256 bytes of next data transfer processing. 

[0061] The data which should be stored in 2 bytes of the head of 8 bytes of redundancy field of a flash EEPROM, for 
example, the LWC (Low Wite Count) data which are the lower bit of the count data of rewriting, are set to the LWC register 
208. In this case, the LWC data corresponding to the block for a light of a flash EEPROM which serves as the destination 
from RAM 13 in advance of that data transfer in the data transfer to a flash EEPROM are set by flrmware. In the data transfer 
from a flash EEPROM to RAM 13, LWC data arc taken out from the data stream by which reading appearance is carried out 
from a flash EEPROM with the NAND bus interface 19, and it is set. 

[0062] The ECC data registers 209-214 are the register groups for holding 6 bytes of ECC data. At the time of the data 
transfer from RAM13 to a flash EEPROM, 6 bytes of ECC data corresponding to 256 bytes of light data are generated by the 
ECC arithmetic circuit 21, and the generated ECC data is set to the ECC data registers 209-214. At the time of the data 
transfer from a flash EEPROM to RAM13, the result of the ECC check operation performed by the ECC arithmetic circuit 21 
is set to registers 209-214. It performs, in order that this ECC check operation may perform error detection. In this ECC 
check operation, 6 bytes of ECC data corresponding to 256 bytes of lead data are generated again, and the comparison with 6 
bytes of ECC data by which reading appearance was actually carried out to 6 bytes of that ECC data from the flash EEPROM 
is performed per cutting tool. It will be set to "0" and the bit 0 of the register with which "1" corresponds if inharmonious if 
in agreement. Therefore, if the error has not occuned, all the values set to the bit 0 of the ECC data registers 209-214 are set 

to "o;* 

[0063] a NAND chip ready / busy status register 215-1 to 215-16 - 16 flash EEPROMs 11-1 to 11-16 - it is a register group 
holding each ready/busy status, and the flag which shows whether a corresponding flash EEPROM is a ready state or it is a 
busy condition is set to the bit 0 of each register with the NAND interface 19. If it is a ready state, as for that, a flag "0" will 
be set for a flag "1" by the busy condition. It is judged by the ready/busy signal (R/Bl - R/B16) independently inputted from 
a flash EEPROM 1 1-1 to 1 1-16, respectively for every chip whether it is a ready state or it is a busy condition. 
[0064] RAM13 of drawing 1 consists of dynamic RAMs, and a part of the storage region is used as a data buffer 131 holding 
the light data transmitted from CPUl of a personal computer, and the lead data by which reading appearance is carried out 
from a flash EEPROM 11-1 to 11-16. Moreover, RAM13 is used as a working area of a microprocessor 14, and the count of 
rewriting managed table 134 for managing the address translation table 132 for changing the host address into a memory 
address, the header table 133 which manages the storing location of the block data for 1 block which should be written in a 
flash EEPROM, and the count of rewriting of a flash EEPROM 11-1 to 11-16 per block etc. is stored here. 
[0065] Next, with reference to drawing 4 , the memory map in the RAM disk equipment 10 managed by the microprocessor 
14 is explained. 

[0066] The RAM field, the NAND memory data area, the application ROM (APL-ROM) field, and the firmware ROM (FW- 
ROM) field are mapped like a graphic display by the memory address space which a microprocessor 14 manages. 
[0067] A RAM field is the memory address space for accessing RAM13, and the data buffer 131 etc. is assigned here. 
[0068] A NAND memory data area is 256 bytes of address space for accessing a flash EEPROM 11-1 to 11-16. 256 bytes of 
data transfer is performed by the MUBU string instruction of a microprocessor 14 in read/write access of the data to a flash 
EEPROM 11-1 to 11-16. For this reason, 256 bytes of address space is secured as a NAND memory data area for 256 bytes 
of this data transfer. By using this NAND memory data area, all data transfer between a data buffer 131 and a flash EEPROM 
11-1 to 11-16 can be performed as processing of firmware. 

[0069] next, drawing 5 - referring to - a flash EEPROM 11-1 to 11-16 - the utilization geslalt of each block is explained. 
[0070] The block of a flash EEPROM 11-1 to 11-16 is used not only for storing of user data but for storing of the various 
management information for controlling these flash EEPROMs. The assignment of the user data and management 
information to a flash EEPROM 11-1 to 11-16 is as follows. 

[0071] That is, in the NAND mold flash EEPROM 11-1 of chip number ^, 504 blocks of block 0 - block 503 are used as 
memory block for storing user data in 512 blocks like a graphic display. Moreover, block 504 is used as a MBI 
(Memory Block Infomation) table block which memorizes the management information for managing the address, a count of 
rewriting, etc. of 512 blocks in a chip. Moreover, blocks 505-509 are used as a preliminary block for the alternative, when a 
defect occurs in memory block and a MBI table block. Block 511 is used as a KONFIGU block which memorizes the 
configuration information of RAM disk equipment 10, and block 510 is used as a preliminary block for an alternative of a 
KONFIGU block. 

[0072] Only one KONFIGU block exists by the equipment 10 whole, and the information which shows the number of chips 
of the flash EEPROM carried in RAM disk equipment 10, the MBI table block in each flash EEPROM existence location, 
etc. is managed here. 

[0073] In the NAND mold flash EEPROM 1 1-2 to 11 -16 of chip number #1-#16, like a graphic display, 504 blocks of block 
0 - block 503 are used as memory block for storing user data, and block 504 is used as a MBI (Memory Block Infomation) 
table block which memorizes the management information for managing the address and the count of rewriting of 512 blocks 
in a chip. Moreover, blocks 505-51 1 are used as a block for an alternative of memory block and a MBI table block. 
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[0074] Although the physical block structure of memory block, a MBI table block, an alternative block, and each 
KONHIIGU block is as drawing 2 having explained, the data storage format within these blocks is explained hereafter. 
[0075] The data storage format of memory block for storing user data is shown in drawing 6 . 

[0076] As drawing 2 explained, the NAND mold flash EEPROM used with this RAM disk equipment 10 is a 16M bit chip, 
and each block consists of 16 pages from a page 0 to a page 15. Each page consists of 256 bytes of a data area, and 8 bytes of 
a redundancy field. 

[0077] Generally, disk accessing by the host system is performed per 512 bytes of sector. In this case, the size of 256 bytes of 
user data stored in the data area of each page serves as half [ of the user data size for 1 sector ]. In this RAM disk equipment 
10, only 256 bytes of data area is used for storing of user data, and the redundancy field which is 8 bytes is not used for 
storing of user data. Therefore, 512 bytes of user data are continued and stored in 2 pages followed within a block in this 
RAM disk equipment 10. For this reason, the user data stored in 1 block turn into the data for 8 sector, for example, the data 
from a sector 0 to a sector 7. 

[0078] That is, to 256 bytes in the first half of a sector 0, and a page 1, 256 bytes in the second half of a sector 1 are stored in 
a page 0 in 256 bytes in the first half of a sector 1, and a page 3 at 256 bytes in the second half of a sector 0, and a page 2, and 
user data are stored per 1 / 2 sectors like the following as shown in drawing 5 . 

[0079] pages 0-15 - 8 bytes of each redundancy field is divided into 2 bytes of field, and 6 bytes of field, and ECC is stored 
in 6 bytes of the field. This ECC corresponds to 256 bytes of user data stored in the data area of the same page. 
[0080] Namely, ECC stored in the redundancy field of a page 1 is similarly generated from 256 bytes of user data stored in 
the data area of a page 1 by generating ECC stored in the redundancy field of a page 0 from 256 bytes of user data stored in 
the data area of a page 0. 

[0081] Thus, in this RAM disk equipment 10, ECC is generated not per 512 bytes of sector unit but per 256 bytes of page, 
and the data stream and ECC for an operation are stored in the same page. For this reason, even if the error of a flash 
EEPROM that a two or more pages defect eel occurs in each same bit position occurs like a graphic display, the defect eel 
contained in the data stream set as the operation object of ECC will be set only to one. Therefore, it becomes possible to 
perform error detection and correction by the easy usual ECC operation, without using the complicated high ECC operation 
expression of data bounce-back capability. 

[0082] Moreover, LWC data are stored in the remaining 2 bytes of the redundancy field of a page 0 as block status 
information of block 0. This LWC data consists of data of the 10 bits of lower bit sections of the count data of rewriting in 
which the count of rewriting of block 0 is shown, for example, the low order of the count data of rewriting of 26-bit width of 
face. 

[0083] one LWC data is stored for every block -- having - block 1 - block 503 - LWC data are similarly stored in 2 bytes of 
the head of the redundancy field of each head page as the block status information. 

[0084] Furthermore, BAD sector information and ECC error information are stored in the remaining 2 bytes of the 
redundancy field of a page 1 as sector status information of a sector 0. 

[0085] BAD sector information is status information the sector 0 indicates it to be whether it is a bad sector, the same - the 
three-page page 5 and .... a page 15 - the remaining 2 bytes of each redundancy field -- the 1 sector sector 2 and .. a sector 7 - 
- it is alike, respectively and the BAD sector information that it corresponds is stored. These BAD(s) sector information is 
given by CPUl of the personal computer, when the personal computer which is the host system of RAM disk equipment 10 
executes the formatting command for formatting RAM disk equipment 10. 

[0086] ECC error information is status information which shows the existence of ECC error generating to the sector. For this 
ECC error information, a personal computer is WRITE. When the data writing by the LONG command is performed and the 
error of the burst error used as an ECC error etc. occurs, it is given by CPUl of a personal computer. 
[0087] Next, with reference to drawing,! , the data storage format of a MBI table block is explained. 

[0088] The MBI table block consists of one block containing 16 pages from a page 0 to a page 15. Each page consists of 256 
bytes of a data area, and 8 bytes of a redundancy field. ECC corresponding to 256 bytes of data stored in the data area of the 
page is stored in 6 bytes of the back of 8 bytes of the redundancy fields. Moreover, 2 bytes of the head of a redundancy field 
are intact. 

[0089] The address translation table, the UWC table, and the swap order table are stored in the data area of a MBI table block 

like a graphic display, 

[0090] The address translation table in a MBI table block holds the address translation information for changing the physical 
block addresses 0-511 of the blocks 0-511 in a chip into the host address to which it is specified with a cylinder number, a 
head number, and a sector number. The host address is stored in order of the physical block address. 

[0091] Here, as a value of the host address in a MBI table block, the host logical address calculated from the cylinder number 
given from a host system, a head number, and not the sector number itself but these cylinder numbers, the head number, and 
the sector number is used. 

[0092] This host logical address is the serial number of the sector at the dme of assigning the sector number which continues 
sequentially from "0" to all the sectors (= 8x512x16 sectors) prepared in a flash EEPROM 11-1 to 11-16. Therefore, the bit 
width of face of the host logical address becomes 16 bits. However, there is no address translation information managed by 
the address translation table of this MBI Uble block per 1 sector, and since it is for performing address translation per 8 
sectors which are the number of sectors contained in 1 block, only 13 bits of high orders in the 16-bit host logical address are 
actually stored on the table. 
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[0093] A UWC table holds the UWC (UPPER WRITECOUNT) data which consist of the high-order-bit sections of the count 
data of rewriting in which the count of rewriting of each 512 blocks in a chip is shown. UWC data have 16-bit width of face, 
and if this UWC data and LWC of the above-mentioned 10-bit width of face are doubled, they can count it to rewriting of 64 
million counts at the maximum. The value of UWC data is counted up +one time, whenever a digit riser occurs to 
corresponding LWC data (i.e., whenever 1024 rewritings occur). 

[0094] These address translation tables and a UWC table are stored in the data area of a page 5 to the page 12 of a MBI table 
block like a graphic display. An address translation table and a UWC table are transmitted to RAM13 at the time of 
equipment starting, i.e., the power-on of RAM disk equipment 10, and reside permanently as an address translation table 132 
and count of rewnting managed tables 134, respectively. 

[0095] A swap order table is a table referred to by the microprocessor 14 in the case of the swapping actuation for block 
exchange, and holds the block address which shows the block (swapped block) of the swapping point in order of a priority 
(order with the small value of UWC data). The swap order table is stored in the data area of a page 13 to the page 15 of a 
MBI table block like a graphic display. A swap order table does not reside in RAM13 permanendy, but at the time of 
examination of block exchange, i.e., digit riser generating to UWC data from LWC data, it is transmitted to RAM13 and refer 
to it for a microprocessor 14. 

[0096] The configuration of an address translation table and a UWC table is shown in drawing 8 . 

[0097] Like a graphic display, the host address and the storing field of UWC data have the data size of 2 bytes, respectively. 
Here, since the host address is 13 bits as mentioned above, the high order triplet (a bit 15 - bit 13) of 2 bytes of storing field is 
not used. The host address and UWC data are arranged by turns in order of the physical block address. 
[0098] That is, the host address and UWC data are stored in order by 64 blocks (block 0 - block 63) from the head in 256 
bytes of data area of the page 5 in a MBI table block in the sequence of the UWC data corresponding to the UWC data 
corresponding to the host address corresponding to the physical block address 0, and the physical block address 0, the host 
address corresponding to the physical block address 1, and the physical block address 1. 

[0099] Similarly, the host address and UWC data are stored in order by 64 blocks (block 448 - block 511) from the head in 
256 bytes of data area of a page 12 in the sequence of the UWC data corresponding to the UWC data corresponding to the 
host address corresponding to the physical block address 448, and the physical block address 448, the host address 
corresponding to the physical block address 449, and the physical block address 449. 
[0100] The configuration of a swap order table is shown in drawing 9 . 

[0101] The swap order table is divided into the 1 st order table corresponding to 256 blocks of the first half from block 0 to 
block 255, and the 2nd order table corresponding to 256 blocks of the second half from block 256 to block 511. 
[0102] It sets on the 1st order table and the value of the minimum UWC in block 255 is stored in 2 bytes of field (addresses 
SOOh and 801h) of the head from the block 0. 

[0103] the following 1 byte (address 802h) a minimum of - the value which shows the total of the block with the value of 
UWC is stored, 

[0104] Furthermore, the value which shows the total of the block with the value of minimum UWC+1 is stored in the 
following 1 byte (address 803h), here "minimum UWC+1" - to the last - a minimum of - the value which added 1 to 
UWC - being shown a minimum of - small UWC is not shown in the degree of UWC. A block total with the 

value of minimum UWC+l may serve as zero. 

[0105] Henceforth, sequential storing of the data in which a block total with the value of minimum UWC+120 is shown is 
carried out from the data in which a block total with the value of minimum UWC+2 is shown at address 804h-87Ah. 
[0106] The data in which the count of rewriting of the MBI table block [ itself ] is shown are stored in address 87Ch-87Fh. 
[0107] The information as an original swap order table is stored in address 880h-97Fh. namely, - as the value which shows 
the block for | of whenever / of the highest priority / swapped ] to address 880h in block 0 - block 255 - a minimum of - the 
physical block address of a block which has the value of UWC is stored. When two or more blocks which have the value of 
the minimum UWC exist, priority becomes [ a physical block address ] high from the rearmost block at order. Hereafter, the 
block address of the block for a swap is similarly stored in 97Fh(s) in order of a priority from address 881h. 
[0108] Next, the 2nd order table is explained. 

[0109] the 2nd order table - it is and the value of the minimum UWC in block 51 1 is stored in 2 bytes of field (addresses 
980h and 981 h) of the head from the block 256 except for the MBI table block, the alternative block, and the KONHIIGU 
block. That is, since, as for an alternative block etc., the count of rewriting is not advancing at all, the count of rewriting of 
those blocks is disregarded. Moreover, when an alternative occurs actually, suppose the value of the UWC data of the 
alternative block that UWC of a defective block is inherited not the actual count of rewriting of the alternative block but a 
substituting agency that is,. This is for preventing the degradation by frequent occurrence of swapping actuation. If the value 
of the actual UWC data of an alternative block is adopted as it is, the value of the count of rewriting projects, a small block 
win appear suddenly and the swapping actuation which sets the alternative block as the object-ed [ swapping ] will be 
generated repeatedly. 

[0110] the following 1 byte (address 982h) - a minimum of - the value which shows the total of the block with the value of 
UWC is stored. 

[0111] Furthermore, the value which shows the total of the block with the value of minimum UWC+1 is stored in the 
following 1 byte (address 983h). Henceforth, sequential storing of the data in which a block total with the value of minimum 
UWC+120 is shown is carried out from the data in which a block total with the value of minimum UWC+2 is shown at 
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address 984h*9FAh. 

[0112] The information as an original swap order table is stored in address AGO h-AFFh. namely, - as the value which shows 
the block for ( of whenever / of the highest priority / swapped ) to address AOOh in block 256 - block 511 — a minimum of - 
the physical block address of a block which has the value of UWC is stored. When two or more blocks which have the value 
of the minimum UWC exist, priority becomes [ a physical block address ] high from the rearmost block at order. Hereafter, 
the block address of the block for a swap is similarly stored in AFFh in order of a priority from address AOlh. 
[0113] Thus, in the swap order table, the block used as the swapping point is stored in order of the priority. For this reason, it 
becomes possible to specify the swapping point, without a microprocessor 14 performing sorting of UWC data by referring to 
this swap order table. 

[0114] The data storage format of a KONHIIGU block is shown in drawing 10 . 

[0115] The KONHIIGU block consists of one block containing 16 pages from a page 0 to a page 15. Each page consists of 
256 bytes of a data area, and 8 bytes of a redundancy field. ECC corresponding to 256 bytes of data stored in the data area of 
the page is stored in 6 bytes of 8 bytes of redundancy field. Moreover, the remaining 2 bytes of a redundancy field are intact. 
[0116] KONHIIGU information, CIS information, and drive ID information are stored in the data area of a KONHIIGU 
block like a graphic display. 

[0117] KONHIIGU information defines the physical block address which shows the number of chips of the flash EEPROM 
carried in this RAM disk equipment 10, the number of the maximum chips which can be written in simxiltaneous, and the 
MBI table block in each chip existence location. This KONHIIGU information is referred to by the microprocessor 14 at the 
time of the power-on of RAM disk equipment 10, and the initialization process according to that KONHIIGU information is 
performed. 

[0118] CIS information is card attribute information notified to a host system, when using RAM disk equipment 10 as a card 
of a PCMCIA specification. The information about physical specifications, such as a class of memory chip, capacity, and 
access time, and the information about the application which shows that this card is a disk unit etc. are defined as this card 
attribute information. This CIS information is transmitted to RAM13 by the microprocessor 14 at the time of the power-on of 
RAM disk equipment 10. The CIS information transmitted to RAM13 answers the read-out demand of the predetermined 
address from a host system, and is transmitted to a host system. 

[0119] Drive ID information is information which shows the drive configuration of RAM disk equipment 10, and the total 
number of sectors logically assigned to a built-in flash EEPROM, the number of cylinders, the number of heads, the number 
of sectors per one truck, etc. are defined here. This drive ID information answers a drive discernment command firom a host 
system, and is transmitted to a host system by the microprocessor 14. 

[0120] Thus, in this example, ECC corresponding to the data stored in the data area of that page is stored in the redundancy 
field of each page also in the MBI table block and KONHIIGU block which are used not only for memory block for storing 
user data but for management information storing. Therefore, also in these MBI(s) table block and a KONHIIGU block, it 
becomes possible to perform error detection and correction by the easy usual ECC operation, without using the complicated 
high ECC operation expression of data bounce-back capability. 

[0121] Next, with reference to drawing 11 , the configuration of the address translation table 132 prepared in RAM13 is 
explained. 

[0122] a thing for this address translation table 132 to change the host address specified with a cylinder number, a head 
number, and a sector number into the physical memory address for accessing a flash EEPROM 11-1 to 11-116 - it is — this 
address translation table 132 — a flash EEPROM 11-1 to 11-116 - it is generated based on the address translation 
information on each MBI table block. 

[0123] In this address translation table 132, a 13 -bit block sector address is used as the host address. This block sector 
address consists of 13 bits of high orders in the host logical address (16 bits) which shows the serial number of the sector 
calculated from the cylinder number, the head number, and the sector number, as mentioned above. Moreover, a physical 
memory address consists of the 4-bit chip number address and a physics block address in [ of 9 bits ] a chip. The 4-bit chip 
number address specifies one of 16 chips from the flash EEPROM 11-1 of chip number #0 to the flash EEPROM 11-6 of 
chip nimiber #15. The physics block address in [ of 9 bits ] a chip specifies one in 512 blocks of the block 0 in the chip 
specified by the chip number address - block 511. The physical memory address (the chip number address, physics block 

address in a chip) is stored in order of the host address. 

[0124] Next, with reference to drawing 12 , the principle of the address translation actuation using an address translation 
table 132 is explained. 

[0125] First, the cylinder number, head number, and sector number which were specified from the host system are changed 
into the host logical address of 16-bit width of face by the firmware performed by the microprocessor 14. Subsequently, an 
address translation table 132 is searched by making into an index the block sector address which consists of 13 bits of high 
orders of the host logical address of the 16-bit width of face, and the chip number address of the 4-bit width of face 
corresponding to a block sector address and the physical block address of 9-bit width of face are determined. 
[0126] The chip number address is set to the NAND chip number register 201 of the NAND bus interface 19 by firmware for 
a chip select. Moreover, the sector address within a block which consists of the low order triplet of the host logical address of 
16-bit width of face, the even-/recto appointed address of 1-bit width of face, and the columin address of 8-bit width of face 
are added to a 9-bit physical block address within NAND BAIINTAFESU 19, and the memory address (A20-A0) of 2G-bit 
width of face is generated. This memory address (A20-A0) is set to the NAND data read/write register 202 of the NAND bus 
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interface 19 for addressing. Since access of the RAM disk equipment 10 performed by the host system is performed per 
sector in order to carry out read/write of the user data, both of evenVrecto appointed addresses (A8) of 1-bit width of face and 
column addresses (A7-A0) of 8-bit width efface are usually oar "0." 

[0127] Next, with reference to drawing 13 , ECC generation / check actuation of the ECC arithmetic circuit 21 of the NAND 
bus interface 19 is explained. 

[0128] First, generation actuation of ECC is explained with reference to drawing 13 (a). 

[0129] Reading appearance of the user data stored in the data buffer 131 of RAM13 at the time of the data writing to the 
NAND mold flash EEPROM 1 1-1 to 11-16 is carried out by the microprocessor 14 per 256 bytes, and they are transmitted to 
the data register of a flash EEPROM through the NAND bus interface 19. 

[0130] In the NAND bus interface 19, 256 bytes of user data are sent to the ECC arithmetic circuit 21, and the operation for 
generating ECC there is perfonncd. Here, Hamming code etc. is used as ECC. 

[0131 ] An ECC operation is performed 256 bytes of not only user data but for 258 bytes of data which consist of the 256 
bytes of user data and data which should be stored in the first 2 bytes of a redundancy field actually. 
[0132] For example, in the data writing to the head page of each block, 258 bytes of data which consist of 256 bytes of user 
data and 2 bytes of LWC data are set as the object of an ECC operation. 2 bytes of this LWC data is set to the LWC register 
208 by the microprocessor 14 in advance of 256 bytes of user data transfer. 

[0133] The ECC arithmetic circuit 21 calculates 258 bytes of data which consist of 256 bytes of user data, and 2 bytes of 
LWC data set to the LWC register 208 per predetermined data stream, and carries out sequential generation of 6 bytes of 
Hamming code ECC. These Hanmiing codes ECC are held temporarily at the ECC data registers 209-214. 
[0134] If generation processing of ECC is completed, the ECC arithmetic circuit 21 will be made to follow 256 bytes of user 
data, and will transmit 2 bytes of LWC data, and 6 bytes of ECC data to the data register of a flash EEPROM. Thereby, the 
data for 1 page which consists of 256 bytes of user data, 2 bytes of LWC data, and 6 bytes of ECC data arc set to the data 
register of a flash EEPROM. 

[0135] Next, check actuation of ECC is explained with reference to drawing 13 (b). 

[0136] The data for 1 page by which reading appearance is carried out from a flash EEPROM at the time of data read-out 
from the NAND mold flash EEPROM 11-1 to 11-16 are sent to the NAND bus interface 19. 

[0137] In the NAND bus interface 19, 256 bytes of user data are picked out from the data for 1 page, and it is sent to the data 
buffer 131 of RAM13. Moreover, the data for 1 page is sent to the ECC arithmetic circuit 21. 

[0138] First, the ECC arithmetic circuit 21 picks out LWC data from the data for 1 page, sets it to the LWC register 208, and 
performs the ECC check operation for error detection after that. 

[0139] In this ECC check operation, the ECC arithmetic circuit 21 calculates 258 bytes of data which consist of 256 bytes of 
user data, and 2 bytes of LWC data in the same data stream unit as the case of ECC generation processing, and carries out 
sequential generation of 6 bytes of Hamming code ECC. And Hamming code ECC contained in the data for 1 page by which 
reading appearance was carried out from the generated Hamming code ECC and flash EEPROM is compared per cutting 
tool, and the comparison result which shows coincidence/inequality is set to the ECC data registers 209-215. When there is 
no error generating, the data "0" in which coincidence is shown are altogether set to the ECC data registers 209-215. If the 
content of the ECC data registers 209-215 was referred to by the microprocessor 14 and the error has occurred, the error 
correction of the data on a data buffer 131 will be performed by the microprocessor 14. 

[0140] Next, in order to make clear the functional assignment of the firmware performed by micro PUSESSA 14 and the 
NAND bus interface 19, the access-control actuation to a flash EEPROM is explained. 

[0141] First, with reference to drawingJ4 and drawing^L? , processing of firmware required for control of the program cycle 
of a flash EEPROM and actuation of the NAND bus interface 19 are explained. 

[0142] Drawing^l4 is a flow chart explaining the processing of firmware and the actuation of the NAND bus interface 19 in a 
program cycle, and drawingl5 is a timing chart which shows actuation of the flash EEPROM in a program cycle. 
[0143] Here, 256 bytes of user data, 2 bytes of LWC data, and 6 bytes of ECC data are explained to the head page of a certain 
block taking the case of the case where a light is carried out. 

[0144] With reference to one of the NAND chip ready / busy registers 215-1 to 215-16 first corresponding to the flash 
EEPROM chip for a light in the firmware performed by micro PUROSSE 14, the flash EEPROM chip for [ the ] a light 
checks whether you are the Lady State (waiting) (step All). If it checks that he is the Lady State, firmware will carry out the 
1/0 light of the NAND chip number register 201, and will set the chip number corresponding to the flash EEPROM chip for a 
light there (stepA12). 

[0145] Subsequently, firmware carries out the I/O light of the NAND chip enable control register 203, and sets CE on- 
command which specifies activating a chip enable input (CE) there (step A13). 

[0146] At this time, the chip select signals CS1-CS16 corresponding to the chip number by which the NAND bus interface 19 
was set to the NAND chip number register 201 activate one (step Bll). This chip select signal is supplied to chip enable 
input CE- of the chip for a light, and the chip for a light is set as enabling state by this. 

[0147] Next, firmware carries out the I/O light of the NAND command latch enabling control register 204, and sets the CLE 
on-command which specifies activating a command latch enabling (CLE) signal there (step A14). 

[0148] The NAND bus interface 19 answers the set of a CLE on-oommand, and sets the command latch enable signal CLE to 
an active state, i.e., "H" level, (step B12). 

[0149] Subsequently, firmware carries out the I/O light of the NAND data read/write register 202, and sets a serial data input 
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command "80h" there (step A15). The NAND bus interface 19 answers the set of a serial data input command "80h", and sets 
write enable signal WE- to an active state, i.e., "L" level, and transmits a serial data input command "80h" to input/output 
terminal I/O (step B13). 

[0150] Firmware carries out the I/O light of the NAND address latch enabling control register 205, and sets an ALE on- 
command there (step A16). The NAND bus interface 19 answers the set of an ALE on-command, and sets address latch 

enable signal ALE to an active state, i.e., "H" level, (step B14). 

[0151 ) Subsequently, firmware carries out the I/O light of the NAND data read/write register 202, and sets a memory address 
(column address A7-A0 and page address A20-A8) there (step A17). The NAND bus interface 19 answers the set of the 
address, write enable signal WE- is set to an active state, i.e., "L" level, and the set memory address is transmitted to 
input/output terminal I/O (step B15). 

[0152] Firmware sets to the LWC register 208 the LWC data which read from the block for a light beforehand and were 
counted up +one time before this program cycle activation (step A18). And firmware sets an ECC initiation command to the 
ECC start control register 206 (step A19), and transmits 256 bytes of user data to a flash EEPROM from a data buffer 131 by 
activation of a MUBU string instruction after that (step A20). 

[0153] The NAND bus interface 19 answers an ECC initiation command, starts the operation for ECC generation, and 
generates 6 bytes of ECC data corresponding to 256 bytes of user data, and LWC data (step B16). And the NAND bus 
interface 19 follows 256 bytes of user data, and starts 2 bytes of LWC data, and 6 bytes of ECC data transfer (step B17). 
Thereby, 256 bytes of user data, 2 bytes of LWC data, and 6 bytes of ECC data are transmitted as serial input data (DIN) for 
1 page as shown in the data register of the flash EEPROM for a light at drawing 15 . 

[0154] Then, after firmware publishes a CLE on-command, it carries out the I/O light of the NAND data read/write register 
202, and sets a program command "lOh** there (step A21). First, the NAND bus interface 19 sets write enable signal WE-- as 
an active state, after setting the command latch enable signal CLE as an active state, and it transmits a program command 
"lOh" to input/output terminal I/O (step B18). 

[0155] A transfer of this program command "lOh" carries out automatic activation of page light actuation and the verification 
actuation in the flash EEPROM for a light. 

[0156] In page light actuation, page data transfer for 1 page from a data register to a memory cell array is performed, and 256 
bytes of user data of a data register are written in the data area of the page, and 2 bytes of LWC data of a data register and 6 
bytes of ECC data are written in the redundancy Held of the page. During this page write-in actuation period, the ready/busy 
signal from that chip (RDY/BSY) will return from a busy condition to a ready state, if a busy condition is shown and write-in 
actuation is completed. 

[0157] If completion of write-in actuation is checked according to the content of the NAND chip ready / the busy register 
conesponding to the chip which carried out light access (step A22), firmware will carry out the I/O light of the NAND data 
read/write register 202, and will set a status lead command "70h" there (step A23). The NAND bus interface 19 answers the 
set of a status lead command *'70h", sets write enable signal WE- to an active state, i.e., "L" level, and transmits a status lead 
command "70h" to input/output terminal I/O, and sets lead enable signal RE- to an active state, i.e., "L" level, after that (step 
B19). 

[0158] If a status lead command "70h" is transmitted, from a flash EEPROM, reading appearance of the status data in which 
it is shown whether page light actuation was successful will be carried out, and it will be set to the NAND data read/write 
register 202. 

[0159] Firmware checks whether with reference to the status data of the NAND data read/write register 202, page light 
actuation has been successful, and if it has succeeded, it will end light actuation (step A24). When it fails, alternative 
processing with an alternative block etc. is performed. 

[0160] Next, with reference to drawing_16 and drawing 17 , processing of firmware required for control of the read cycle of a 
flash EEPROM and actuation of the NAND bus interface 19 are explained. 

[0161] Drawing 16 is a flow chart explaining the processing of firmware and the actuation of the NAND bus interface 19 in a 

read cycle, and drawing 17 is a timing chart which shows actuation of the flash EEPROM in a read cycle. 

[0162] There are the 1st read cycle which reads data per page, and the 2nd read cycle which reads ** by the data of the 

redundancy field of each page as read cycle of a flash EEPROM 11-1 to 11-16. 

[0163] Here, the 1st read cycle explains the case where the head page of a certain block is read. 

[0164] With reference to one of tfie NAND chip ready / busy registers 215-1 to 215-16 first corresponding to the flash 

EEPROM chip for a lead in the firmware performed by micro PUROSSE 14, the flash EEPROM chip for [ the ] a lead 

checks whether you are the Lady State (waiting) (step A31). If it checks that he is the Lady State, firmware will carry out the 

I/O light of the NAND chip number register 201, and will set the chip number conesponding to the flash EEPROM chip for a 

lead there (step A32). 

[0165] Subsequently, firmware carries out the I/O light of the NAND chip enable control register 203, and sets CE on- 
command which specifies activating a chip enable input (CE) there (step A33). 

[0166] At this time, the chip select signals CS1-CS16 corresponding to the chip number by which the NAND bus interface 19 
was set to the NAND chip number register 201 activate one (step B31). This chip select signal is supplied to chip enable 
input CE- of the chip for a lead, and the chip for a lead is set as enabling state by this. 

[0167] Next, firmware carries out the I/O light of the NAND command latch enabling control register 204, and sets the CLE 
on-oomroand which specifies activating a command latch enabling (CLE) signal there (step A34). 
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[0168] The NAND bus interface 19 answers the set of a CLE on-command, and sets the command latch enable signal CT F to 
an active state, i.e., "H" level, (step B32), 

[0169] Subsequently, firmware canies out the I/O light of the NAND data read/write register 202, and sets a lead command 
"OGh" there (step A35). The NAND bus interface 19 answers the set of a lead command "OOh", and sets write enable signal 
WE- to an active state, i.e., "L" level, and transmits a lead command "OOh" to input/output terminal I/O (step B33). 
[0170] Firmware carries out the I/O light of the NAND address latch enabling control register 205, and sets an ALE on- 
command there (step A36). The NAND bus interface 19 answers the set of an ALE on-command, and sets address latch 
enable signal ALE to an active slate, i.e., "H" level, (step B34). 

[0171] Subsequently, firmware carries out the 1/0 light of the NAND data read/write register 202, and sets a memory address 
(column address A7-A0 and page address A20-A8) there (step A37). The NAND bus interface 19 answers the set of the 
address, write enable signal WE- is set to an active state, i.e., "L" level, and the set memory address is transmitted to 
input/output terminal I/O (step B35). 

[0172] A transfer of this memory address performs page lead actuation in the flash EEPROM for a lead. In page lead 
actuation, reading appearance of 256 bytes of user data stored in the page specified by the memory address, 2 bytes of LWC 
data, and 6 bytes of ECC data is carried out, and it is transmitted to a data register. During this page lead actuation period, the 
ready/busy signal from that chip (RDY/BS Y) will return from a busy condition to a ready state, if a busy condition is shown 
and page lead actuation is completed. 

[0173] If completion of page lead actuation is checked according to the content of the NAND chip ready / the busy register 
corresponding to the chip which carried out read access (step A38), firmware will set an ECC check initiation command to 
the ECC start control register 206 (step A39), will execute a MUBU string instruction after that, and will start 256 bytes of 
user data transfer from a data buffer 131 to a data buffer 131 (step A40). 

[0174] In this data transfer, reading appearance of 256+8 bytes of data currently held at the data register of a flash EEPROM 
is serially carried out per 1 byte synchronizing with lead enable signal RE- outputted from the NAND bus interface 19. 
[0175] The NAND bus interface 19 performs the check operation for error detection to the data by which reading appearance 
is carried out from a flash EEPROM (step B36), and sets the check result to the ECC data registers 209-214 (step B37). 
[0176] Firmware will investigate whether normal data have been led with reference to the content of the ECC data registers 
209-214, if termination of an ECC check operation is checked (step A41). When it is detected that the error has occurred to 
lead data, firmware performs the error correction of 256 bytes of user data transmitted to the data buffer 131 on a data buffer 
131 using the ECC check result of an operation set to the ECC data registers 209-214. 

[0177] Thus, in a read cycle, an ECC check is automatically performed with the NAND bus interface 19 at the time of the 
data transfer from a flash EEPROM to a data buffer 131. 

[0178] By the way, each of a flash EEPROM 11-1 to 11-16 has the page increment function. This page increment function is 
a function which starts the page lead of following **-JI automatically, when data read-out for 1 page from a data register is 
completed. For this reason, after serial data read-out of the head page mentioned above is completed, a flash EEPROM will 
be in a busy condition again, and starts the page lead of a 2 **-JI eye. 

[0179] Therefore, about data read-out after the 2nd page, firmware and the NAND bus interface 19 do not need to perform 
the above-mentioned steps A31-A37 and the address cycle of B31-B35, and should just repeat the above-mentioned steps 
A38-A41, and B36 and B37, respectively. 

[0180] Next, the 2nd read cycle explains the actuation in the case of reading only the data of a redundancy field. 

[0181] The being the same difference of most actuation of the firmware and the NAND bus interface 1 9 required when 

performing this 2nd read cycle is the foUovnng two points with the case of the 1st read cycle. 

[0182] (1) In step A35 of draMtig lfi , firmware publishes a command "50h" instead of a conmiand "OOh." 

[0183] (2) The sequence of a read cycle is completed by 2 bytes of 'data read-out from a data register. 

[0184] For this reason, although LWC data can be read only by performing the 2nd read cycle once, in reading ECC data, it is 
necessary to repeat the 2nd read cycle 3 times. 

[0185] In addition, in the 2nd read cycle, it can be determined by the value of the column address set up in an address cycle 
from which location of a data register data are read. 

[0186] Next, with reference to drawing 18 and drawing 19 , processing of firmware required for control of the block erasion 
cycle of a flash EEPROM and actuation of the NAND bus interface 19 are explained. 

[0187] Drawing lS is a flow chart explaining the processing of firmware and the actuation of the NAND bus interface 19 in a 
block erasion cycle, and drawing 19 is a timing chart which shows actuation of the flash EEPROM in a block erasion cycle. 
[0188] Here, it explains taking the case of the case where a certain 1-block specific content of storage is eliminated. 
[0189] With reference to one of the NAND chip ready / busy registers 215-1 to 215-16 conesponding to the flash EEPROM 
chip with which the firmware performed by micro PUROSSE 14 includes the block for erasion first, the flash EEPROM chip 
for [ the 1 erasion checks whether you are the Lady State (waiting) (step A51). If it checks that he is the Lady State, firmwiare 
will carry out the I/O light of the NAND chip number register 201, and will set the chip number corresponding to the flash 
EEPROM chip for erasion there (step A52). 

[0190] Subsequently, firmware carries out the I/O light of the NAND chip enable control register 203, and sets CE on- 
command which specifies activating a chip enable input (CE) there (step A53). 

[0191] At this time, the chip select signals CS1-CS16 corresponding to the chip number by which the NAND bus interface 19 
was set to the NAND chip number register 201 activate one (step B51). This chip select signal is supplied to chip enable 
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input CE- of the chip for erasion, and the chip for erasion is set as enabling state by this. 

[0192] Next, firmware carries out the I/O light of the NAND command latch enabling control register 204, and sets the CLE 
on -command which specifies activating a command latch enabling (CLE) signal there (step A54). 

[0193] The NAND bus interface 19 answers the set of a CLE on-command, and sets the command latch enable signal CLE to 

an active state, i.e., "H" level, (step B-52). 

[0194] Subsequently, firmware carries out the I/O light of the NAND data read/write register 202, and sets an erasion 
command •*60h" there (step A55). The NAND bus interface 19 answers the set of an erasion command "60h", and sets write 
enable signal WE- to an active state, i.e., X" level, and transmits an erasion command "60h" to input/output terminal I/O 
(step B53). 

[0195] Firmware carries out the I/O light of the NAND address latch enabling control register 205, and sets an ALE on- 
command there (step A56). The NAND bus interface 19 answers the set of an ALE on-command, and sets address latch 
enable signal ALE to an active state, i.e., "H" level, (step B54). 

[0196] Subsequently, firmware carries out the I/O light of the NAND data read/write register 202, and sets a memory address 
(block-address A20-A12) there (step AST). The NAND bus interface 19 answers the set of the address, write enable signal 
WE~ is set to an active state, i.e., "L" level, and the set memory address is transmitted to input/output terminal I/O (step 

[01 97 J Then, after firmware publishes a CLE on-command, it carries out the 1/0 light of the NAND data read/write register 
202, and sets an erasion initiation conmiand "DOh" there (step A58). First, the NAND bus interface 19 sets write enable 
signal WE- as an active state, after setting the command latch enable signal CLE as an active state, and it transmits an 
erasion initiation command "DOh" to input/output terminal I/O (step 856). 

[0198] A transfer of this erasion initiation command "DOh" carries out automatic activation of block erasion actuation and its 
verification actuation in the flash EEPROM for erasion. 

[0199] In block erasion actuation, only the content of storage of the block specified by the block address is eliminated. 
During this block erasion actuation period, the ready/busy signal from that chip (RDY/BSY) will return from a busy 
condition to a ready state, if a busy condition is shown and block erasion actuation is completed. 
[0200] If completion of block erasion actuation is checked according to the content of the NAND chip ready / the busy 
register corresponding to the chip which erased (step A59), firmware will carry out the I/O light of the NAND data read/write 
register 202, and will set a status lead command "70h" there (step A60). The NAND bus interface 19 answers the set of a 
status lead command "70h", sets write enable signal WE- to an active state, i.e., "L" level, and transmits a status lead 
command "70h" to input/output terminal I/O, and sets lead enable signal RE~ to an active state, i.e., "L" level, after that (step 
B57). ' > V F 

[0201] If a status lead command "70h" is transmitted, from a flash EEPROM, reading appearance of the status data in which 
it is shown whether block erasion actuation was successful will be carried out, and it will be set to the NAND data read/write 
register 202. 

[0202] Firmware checks whether with reference to the status data of the NAND data read/write register 202, block erasion 
actuation has been successful, and if it has succeeded, it will end an erasion cycle (step A61). AVhen it fails, alternative 
processing with an alternative block etc. is performed. 

[0203] In addition, if steps A54-A57 are repeated and performed and two or more block addresses are set up before issuance 
of a block erasion initiation conmiand "DOh", multi-block actuation which performs two or more blocks erasion one by one 
can also be performed. 

[0204] Next, with reference to the flow chart of drawing 20 , the light control action of the RAM disk equipment 10 whole of 
drawing l performed when a light command is published from a host system is explained. This light control action is 
performed by using various kinds of management information tables mentioned above. 

[0205] If a host system sets a light command to the command register 176 of the external bus interface 17, as for the 
firmware performed by the microprocessor 14, the light command wUl be received first (step A71). Subsequently, firmware 
starts the light data transfer from a host system to a data buffer 131 (step A72). This data transfer is performed through the 
data register 173 of the external bus interface 17. 

[0206] Since access of the RAM disk equipment 10 by the host system is performed per sector, the light data for at least 1 

sector are stored in a data buffer 131. 

[0207] Subsequently, firmware reads in the sector number register 171, the cylinder register 174, and the drive / head register 
175 the host address for disk accessing specified by the host system, i.e., a sector number, a cylinder number, and a head 
number, respectively, and changes it into the address for accessing a flash EEPROM IM to 11-16 (step A73). In this address 
translation processing, as drawing 12 explained, an address translation table 132 is used, the address translation information 
on this address translation table 132 - the time of starting of equipment 10 - setting - a flash EEPROM 11-1 to 11-16 - 
respectively ~ since - it is built based on the address translation information on the led address translation table. 
[0208] The chip number for light access and the memory address in the chip for light access (A20-A0) are called for as a 
result of address translation processing. 

[0209J Next, firmware progresses to the processing (steps A74-A78) for creating the light data for 1 block to the block (a 
light block being called hereafter) for [ which is specified in 9 bits (A20-A12) of high orders of a memory address (A20- 
AO) ] light access. 

[0210] Here, firmware secures the header table area for a light block on RAM13 first (step A74). Next, firmware leads LWC 
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data from the head page of a light block (step A75). In lead processing of this LWC data, the 2nd read cycle using the 
command "50h" mentioned above is performed, and reading appearance only of the LWC data is carried out by this from the 
head page of a light block. This LWC data is stored in the empty area or the data buffer 131 of RAM13. 
[0211] Then, firmware investigates whether "involvement elimination" data exist in a light block (step A76). Here, 
"involvement elimination" data mean the data as which rewriting is not demanded by the host system in the data which exist 
in a light block. For this reason, although "involvement eluninalion" data do not exist when the writing to all the pages within 
a light block is required, when writing is started from intermediate **-JI within a light block, or when there is less data length 
of light data than 1 block (eight sectors), "involvement elimination" data will exist. 

[0212] When "involvement elimination" data exist, firmware leads the page which contains "involvement elimination" data 
from a light block by performing the 1st read cycle which used the conunand "OOh" (step A77). The page containing this , 
"involvement elimination" data is stored in the empty area and the data biiffer 131 of RAM13. 

[0213], Subsequently, firmware creates the header table corresponding to the block data for 1 block which should be written 
in a light block based on the RAM address which shows the storing location on the led "involvement elimination" RAM 13 in 
which the RAM address which shows the storing location on RAM13 of data, and the light data from a host system are 
stored. 

[0214] That is, firmware combines data actually, and does not generate the block data for 1 block, but creates the header table 
133 which aligns in order of the page number and holds the address on "involvement elimination** the address on RAM13 of 
data and the data buffer 131 of light data, and builds imagination block data by this (step A78). 

[0215] Subsequently, firmware updates the value of the LWC data by counting up the value of the LWC data led from the 
light block +one time (step A79). If digit going up (carry) does not occur in the value of LWC data at this time, firmware 
performs light access processing to a light block (steps A80 and A81). 

[0216] In this light access processing, the block erasion cycle explained by drawing 18 to the light block is performed first, 
and all the contents of the light block are eliminated. Subsequently, the program cycle explained by drawing 1 4 to all the 
pages of a light block is performed. In this program cycle, firmware sets the updated LWC data to the LWC register 208 of 
the NAND bus interface 19 first, subsequently to the header table 133, reads the data for 1 block from RAM13 per 256 bytes 
in order of the address currently held, and transmits it to a flash EEPROM. Thus, firmware can perform data transfer by using 
the header table 133, without distinguishing light data and "involvement elimination" data. 

[0217] ECC data are automatically added to 256 bytes each of data transmitted with the NAND bus interface 19, and it is 
written in the page to which the light block of the flash EEPROM for a light corresponds. 
[0218] On the other hand, when digit going up occurs in the value of LWC data, firmware performs the following 
processings, in order to examine whether swapping actuation is performed. 

[0219] That is, firmware leads a MBI table block from the flash EEPROM for a light by performing the 1st read cycle first 
(step A82). The content of the led MBI table block is stored in the empty area of RAM 13. 

[0220] Subsequently, firmware searches the led MBI table block, detects the UWC data corresponding to a light block, 
updates the value of the UWC data, and gets for it blocked and counte it up +one time (step A83). In the MBI table block, as 
drawing 8 explained, UWC data align in order of a physical block address, and are held. For this reason, firmware can find 
the UWC data corresponding to a light block easily by using as an index the physical block address which shows a light 
block. 

[0221] The value of the updated UWC data is reflected in a MBI table block and count of rewriting managed table 134 both 

sides. 

[0222] Then, firmware carries out the sequential comparison of the value of the UWC data of the updated light block with the 
value of the minimum UWC data of the chip for a light, and the value of the minimum UWC data of each of other chip (step 
A84). 

[0223] The value of the minimum UWC data currently held as a value of the minimum UWC data of the chip for a light at 
the swap order table within the MBI table block led from the chip for a light is used. Without this performing processing in 
which sorting of the count of rewriting managed table 134 on RAM 13 is carried out to the small order of UWC data, 
although the value of the minimum UWC data of the chip for a light is got to know easily, it can do. 
[0224] Moreover, as a value of the minimum UWC data of each of other chip, the value of the count of rewriting managed 
table 134 on RAM13 is used. By using the value of this count of rewriting managed table 134, the need of carrying out the 
sequential lead of the MBI table block disappears from each of all other chips other than the chip for a light, and efficient 
swapping examination processing is realized. 

[0225] Subsequently, based on the comparison result of step A84, it investigates whether firmware is more than the threshold 
(alpha) the difference of the value of the UWC data and the minimum UWC data of the chip for a light with which the light 
block was updated was beforehand decided to be (step A85), and with [ the difference ] alpha [ more than ], swapping 
actuation within the chip for a light is performed (step A86). 

[0226] In this swapping actuation in a chip, firmware leads the block for swapping-ed from the chip for a light first, in this 
case, the block for swapping-ed - a minimum of it is the block with the value of UWC and the physical block address of 
this block is specified by the swapping-ed priority NO.l block number on the swap order table contained in the MBI table 
block led at step A82. Therefore, without performing sorting of UWC data, firmware can determine the block for swapping- 
ed easily, and can recognize the physical block address of the block for [ the ] swapping-ed. 

[0227] Next, finnware is between a light block and the block for swapping-ed, and replaces the host address. In this case, the 
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address translation information on MBI table block ****** led from the address translation tabic 132 and the chip for a light 
on RAM 132 is updated. 

[0228] Next, firmware performs light access for writing the content of the swapping-ed block sucked up on RAM 13 for 
exchange of the content of storage between the light block in the flash EEPROM for a light, and the block for swapping-ed in 
the light block of the flash EEPROM for a light, and light access for writing the light data for 1 block on RAM13 in the 
swapping-ed block of a flash EEPROM. Then, firmware performs light access for writing in the content of the MBI table 
block with which it was updated on RAM13 by the MBI table block in the flash EEPROM for a light for renewal of the MBI 
table block in the flash EEPROM for a light. These three light accesses are performed with the same gestalt as the case where 
step A81 explains, respectively. 

[0229] Next, processing when the difference of the value of the UWC data and the minimum UWC data of the chip for a light 
with which the light block was updated in step A86 is under alpha is explained. 

[0230] In this case, it investigates whether firmware is more than the threshold (alpha+beta) the difference of the value of the 
UWC data with which the light block was updated, and the minimum UWC data of one of other chips was beforehand 
decided to be (step A87), and with [ that difference ] alpha+beia [ more than ], swapping actuation between the chip for a 
light and a chip with the value of that minimum UWC data is performed (step A88). 

[0231] In the swapping actuation covering between this chip, firmware leads a MBI table block on RAM13 from a chip with 
the block for swapping-ed first, and recognizes the swapping-ed priority NO.l block number on the swap order table 
contained in that MBI table block. 

[0232] Subsequently, firmware leads the block for swapping-ed from the chip for swapping-ed using the physical block 
address which swapping-ed priority NO.l block number shows. 

[0233] Next, firmware is between a light block and the block for swapping-ed, and replaces the host address. In this case, 
each address translation information on the address translation table 132 on RAM 132, the MBI table block led from the chip 
for a light, and the MBI table block led from the chip for swapping-ed is updated. 

[0234] Next, firmware performs light access for writing the content of the light block in the flash EEPROM for a light, and 
the swapping-ed block sucked up on RAM13 for exchange of the content of storage during the block for swapping-ed of the 
chip for swapping-ed in the light block of the flash EEPROM for a light, and light access for writing the light data for 1 block 
on RAM13 in the swapping-ed block of the flash EEPROM for swapping-ed. Then, firmware performs light access for 
writing in the content of the MBI table block with which it was updated on RAM13 by the MBI table block in the flash 
EEPROM for a light, and light access for writing in the content of the MBI table block with which it was updated on RAM13 
by the MBI table block in the flash EEPROM for swapping-ed, in order to update the MBI table block of each flash 
EEPROM for swapping-cd [ for a light / flash EEPROM ]. These four light accesses are performed with the same gestalt as 
the case where step A81 explains, respectively. 

[0235] Thus, SU WABBINGU actuation is performed between chips within a chip, and, as for the case of the swapping 
between chips, read access actuation and light access actuation are mostly needed from the case of the swapping in a chip by 
a unit of 1 time, respectively. 

[0236] However, in this example, since the threshold (alpha-l-beta) for determining whether perform swapping or not is set as 
the bigger value than the threshold (alpha) in the case of performing swapping actuation in a chip, it can control the 
occurrence frequency of the swapping between chips compared with the swapping in a chip. Therefore, the degradation by 
frequent occurrence of the swapping actuation between chips can be prevented. 

[0237] When both the differences of the count of replacement are smaller than a predetermined threshold at step ASS and 
**** A87, firmware performs light access for writing the MBI table block containing the UWC data updated at step A83 in 
the flash EEPROM for a light (step A89), and, subsequently performs light access processing to a light block. These light 
access is performed with the same gestalt as the case where step A81 explains, respectively. 
[0238] As mentioned above, since light access is immediately performed, without making examination of swapping 
processing when the digit riser of LWC data does not occur, the time amount of the whole which data writing takes rather 
than the case where a digit riser occurs can be shortened. 

[0239] The value of LWC data is counted up every [ 1 / +] from the initial value at every light access, and when it amounts to 
IK times, a digit riser generates it. For this reason, it is desirable to use not the same value but a discrete value different, 
respectively as initial value of the LWC data written in all blocks included in a flash EEPROM 11-1 to 11-16 at the time of 
disk manufacture and shipment. In this case, since the stage when a digit riser occurs shifts for every block even if light 
access to a contiguous block occurs continuously, the situation of the examination processing and swapping processing of 
swapping resulting from digit going up concentrating, and generating can be prevented. 

[0240] As explained above, in this example, ECC data are generated by the ECC arithmetic circuit 21 for every page, and it is 
written in the same page as the data stream from which that ECC data was set as the object of an ECC operation. For this 
reason, even if, even if a two or more pages defect eel occurs in each same bit position, the defect eel contained in the data 
stream of a flash EEPROM set as the object of an ECC operation is set only to one. Therefore, without using the complicated 
high ECC operation expression of data bounce-back capability, by the easy usual ECC operation, it becomes possible to 
perform error detection and correction, and the RAM disk equipment 10 in which rapid access is possible is realized highly 
( storage dependability ]. 

[0241] Moreover, LWC data are stored in the redundancy field of the head page of each block as count information of 
rewriting conesponding to the block, and the value of the LWC data is updated in the case of the data writing to the block for 
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a light. The updated LWC data is added to the light data which should be written in a head page, and is transmitted to the data 
register 112 of a flash EEPROM. Thus, since LWC data arc managed within each block, only by light access to the same 
block, renewal of data writing and LWC data can be performed, and improvement in the light access engine performance can 
be aimed at as a result. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated, 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawin g IJ The block diagram showing the configuration of the RAM disk equipment concerning one example of this 

invention. 

[ Drawing 2] Drawing showing the structure of the NAND mold flash EEPROM used in the RAM disk equipment of drawing 

[Drawing 3] Drawing showing the I/O register group prepared in the RAM disk equipment of drawing 1 . 
[Drawin g 4] Drawing showing an example of the memory map in the RAM disk equipment of drawing 1 . 
[DrawiTig^S] Drawing in the flash EEPROM prepared in the RAM disk equipment of drawing 1 showing each two or more 
blocks utilization gestalt. 

[Drawing 6] Drawing showing the data storage format of memory block used for storing of user data in the block shown in 
dra wing 5 . 

IDmrngH Drawing showing the data storage format of the MBI table block used for storing of memory-block management 
information in the block shown in drawing 5 . 

[Drawing 8] Drawing showing the content of the address translation stored in the MBI table block of drawing 7 , and the 
UWC table. 

[Drawin g 9] Drawing showing the content of the swap order table stored in the MBI table block of drawing 7 . 
[Drawing IQ] Drawing showing the data storage format of the KONHIIGU block used for storing of the KONHIIGU 
information on the RAM disk equipment of drawing 1 in the block shown in drawing 5 . 

[Drawing U] Drawing showing the configuration of the address translation table prepared on RAM of the RAM disk 
equipment of drawing 1 . 

[Drawing 12] Drawing for explaining the principle of transform processing from the host address to the memory address 
using the address translation table of drawin g 11 . 

[Drawing 13 J Drawing for explaining actuation of the ECC arithmetic circuit established in the RAM disk equipment of 

drawingj . 

[Drawing 14] The flow chart explaining processing of the firmware in the case of writing data in a flash EEPROM in the 
RAM disk equipment of drawing 1 , and actuation of hardware. 

[Drawing 15] The timing chart explaining the program cycle of the flash EEPROM prepared in the RAM disk equipment of 

d rawing 1 . 

[Drawing 16] The flow chart explaining processing of the firmware in the case of reading data from a flash EEPROM in the 
RAM disk equipment of drawing 1 , and actuation of hardware. 

[Drawing 17] The timing chart explaining the sequential read cycle of the flash EEPROM prepared in the RAM disk 
equipment of drawing 1 . 

[Drawing 18] The flow chart explaining processing of the firmware in the case of eliminating the data stored in the flash 
EEPROM in the RAM disk equipment of drawing 1 ^ and actuation of hardware. 

[Drawing 19] The timing chart explaining the block erasion cycle of the flash EEPROM prepared in the RAM disk 
equipment of drawing.! . 

[Dtawiiig.20J The flow chart explaining processing of the firmware performed after receiving the light demand from a host 
system in the RAM disk equipment of drawinig 1 before carrying out light access of the flash EEPROM. 
[Drawing 21] Drawing showing the data storage format over the flash EEPROM by conventional RAM disk equipment. 
[Description of Notations] 

10 ( - RAM, 14 / A microprocessor, 16 / - ROM, 17 / ~ An external bus interface, 19 / - A NAND bus interface 21 / - 
An ECC arithmetic circuit, 131 / - A data buffer, 132 / - An address translation table, 133 / - A header table, 134 / - Count 
of rewriting managed table. ] - RAM disk equipment, IM to 1M6 - A NAND mold flash EEPROM, 12 - A controller, 13 
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